T/ B/LR L—F D 3 RITIEHREC IR T~ DI

Nano—second pulsed laser application
for 3—-dimentional information recording technique
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ABSTRACT

This paper describes a 3-dimensinal information recording techniques using visible nano-second Nd:YAG
laser. It is newly developed that personal identification method uses laser induced micro-crack which are created
into transparent resin material as identification key. This method has remarkably high tolerance for
counterfeiting, because of unreproducible ID key from complex and unique crack shapes. ID key is successfully
identified by matching speckle pattern that is obtained by irradiating reference light to the crack. Feasible
identification test module has been designed with relatively-small configuration, and its performance has been
investigated from the aspect of positioning accuracy of ID key and pattern matching time. Additionally,
identification accuracy is statistically evaluated with the same wa; eneral biometric identifications. In this
evaluation, false rejection rate (FRR) and false acceptance rate %have been discussed for 600 ID keys.
Feasible performance of this method was shown by the key locatlon accuracy of =10 ¢ m, the pattern matching
time =0.62 second, and the high identification accuracy with FRR=1% and FAR=0.0067%. 3-dimentional
memory has been approached for recording binary information by using micro-void array. In this method,
information has been spatially recorded with layered void array in transparent resin material. Array of 3~10 y
m void is successfully created into polypropylene material as a result of processing experiment for various resin
materials. From these results, novel nano-pulse laser application of information recording is indicated.

—3l. #z

Keywords: Nano-second Nd:YAG laser, Micro crack, Void, Personal identification, 3-dimentional memory

71, ;0)7@@;:“&?&:’( ) nuuﬁﬁr J:’DT%@'IZ*’:L

1 P

FEE L —FIIRE LB RN —FTHh Y, HAEE TIC
SIS U2 LR L — N SN &= Zh b
DOFTHEIZ, Nd:YAG L—HIXLEMITEE NG SN,
SRR TR OBIENTRETH D Z L s D, 1w 20Uk
D, KRBT Ve PO TEABRCHEBNAR L OERyE Y
ICBWTRAZRIGHEN 2ZNTWD. £z, 7 /LR
FHRE WD Z & TEEM NI 3 IR E BT 2
PNERIN TEA AL STV DA, ZOHEE, HI A%
E~ONE~—F 7 O0[4 Ve EORBEREFIH L
IS E EF-oTn A,

AW TIET 2 S A L—HFTh D Nd:YAG L—HFIT
X ARNEIMTOF 72508 & LT, 3Rl Haisdy
W~DIGHZRAT-. KEHX T, FUvFLaRREaT
2RI L 0 @RISR & Rk 2 AGRRE L &Y
&, BTN ZEali L0 A U EHR A ST D 3 ot
WAV ODBRREEIT o T2, BIEMPNEIC 3 R E &
BT D2 TERANPLD 2RITHRaE—IZL YV ETO
EHRAEFTABMD Z EIIARTRETH Y, H#RE 3 KT
T DL TCREELAN LI ERNARELE R D.

R L TV A AGRGETIEE, BHT 2 )/b*M‘/TIj\PB
BRURERER 7 T v 7 LT D AR 3w
ﬁ?yﬁA&W%W%$W#é:kﬁﬁ%%ﬁ%ﬁﬁ#
5. 207 Ty xR LTESHOLRHE LZBICE NS R
/\/711//\y /%HE/\?—ZD kfuu thEﬂf' 0)‘%%”%{7
5. AFIETFIEIL, 3 RITT & LARMIR & 81 Ak
j—ZD &ﬁsﬂ‘ &L\Q%IJE‘%%LT%U %h%muuﬁ@)d—
%kj‘é kVC Ti]é;'%@nuuﬂza;‘/i@ %@Fﬂ T&)Of_{ﬂéﬁ

B L TEWIMEZ - - REF A ER L8 TH 5.

AFRFETFEOFEBIREMEZ MRFTT 2 72012, Fx OES
T77/7%$ﬂbtm£# ERWTERICANZ —

& nm pE%f nity‘/"fx_ ;é%ﬁct D 1@_@] fcﬁmh uEEﬁ'fﬁ%E
&)Za <‘:T EERICHWZRGEF — 1T E L <FB s iz,
if\_, ZIKMﬁ?(ﬁ@é@ﬁﬁﬂﬁ?‘éJ:“C%giﬁ?kﬁ:%*ﬁﬂﬁ—é
71 LmuuiE’H:%"fd.—)ﬁEEkL %@ﬁ uq:ﬁﬁ L/f; %{ﬁz L/f’
FRAE%E i%%@%%ﬁbthMT B R LT
W5, & nun %@nq:{ﬂﬁ y uquﬂF @ %ﬂ%ﬁfIU
2R F— U RAI m%ﬁﬁﬁ%ﬁﬁﬁé L TiTo. ¥

V7 4 LSRR T A —EARRESN TS, £D
fubbztguquiff jbl/\f%)uuui*tr iﬁ%&%‘%%ﬁo
T}DD, ééﬂﬂl‘i%’fuﬂﬂﬁ?_ét éﬁ'fz'—(rH%& mhuE&H
%@ﬁm%ﬁot.ﬁm%%#% mKM%%%& PYIKITA
EREE 10 um, MREREHE 0.62 FPELT &9 FIFIZHBWT
FREENFRETH V, RAFEER=1%, M AZEFF 0. 0067%
kb\jﬁb\ubuiﬁrﬁ)iﬁkéh %Jﬁ’ft@ﬂﬁﬂﬁﬁﬁlﬂ—‘éhf_
3 WL AEY T, EHIRIEMEINETIZAA N &M
NAHMNEWORSEER L, Tz ey NS E BRI T
52 L TARAFUERETLSRT D, AFIETIEK, T/
— V&2 HWTEHABIRM NI L TR A ROA R E R4,
ZORERID, BA FOERICE D FMHFITO N THRE L.
2 BREIHANE 3 KRITIMIY AT b
Fig. LIZBAFMNER SR ITTI TV AT AOWE 2777
ARURAT AE, VIR, £X5%, N LHER X
DRSS SN S, L—PORIEIZIE, Nd:YAG L —35 — & dik
(JE 532nm, 2NV AHE 8ns, f 0 K UJE %% 500Hz, ) %
Wiz, B 7Lz 2, VAT, BRa=y &N
LC—YFrarta—% PO ICLVEIEEISNS. =
DOIIROP BT /1R YEREIRIZH v B 70 i B R D%
WRERICH D, ENFRIIEFR2TEHANKOKE N

Power
Stage controller Personal supply
computer _____Eﬂlt
—
=[] [-ee
B =
Target
materia

u Laser head

Focusing optics

X-Y-Z Stage
Fig.1 Configuration of 3-dimention| processing
system inside transparent resin material.



ENL O XEAWE., L= =t =A%, ARy YA X
LlumETRY Z A TEPMNTICESLRF D, 0
THIERIL, XY-ZAT—VLEEENSRD. NLXE
LR BB, X-V-Z 27— LIcEBEBENE-BEES
ICHEE S L, X-V-7 AT —0BENC L) L—F ORI
BEHEEL WD, BENEIL  mA— & —THIET 5 =
ERFHRETH Y, IS XV BAFMNEIEEZED 3 Rt
G EEZIER T2 2 ENATREL 22 5.
3 BN RFIEFE

3.1 EAGRIEFEOEE

BAGEFIEZ, NEIC F v 7 28 LT=EHRT 27 VL
MB*Z‘%WLEIE@XT%T&)%)WLEIE&? k L/Tl/\é Va4 J/I/
mwﬁﬁfamﬁﬁﬁ%ﬁﬁéﬁﬁm@@m“%ﬁﬂf
HD. ZOT 7 VIVEM ORI EH o8 LA L—F
ZENBE LGE, HRENEE D Z & TEEFRIH
AL, REEEDOIT D Z LR EHETEED L INRINE
WICINLEND. ZOLERAETDLI T w7137 7 VA
DRBFRIIRFEA I OEIZL Y, F—OBREEM TN 217
S>Th, RI—OFIRERDZ LT, ZO710, REEx
—OEE BRI, FEERWETHD. ZORIEF—
MHEOENDARY IR = HENTUOEE LT
BWeRF— L 2BAET D ETRAEZHRIIT 5.
ARy JNRA—0F, L—PDXoabe—1L bk
AR L2 B o KB hiciibn g 7
VH LNIRRIRBERTH Y, R TR TS 2 LAl
ﬁg‘f&)é wuuﬂ.:.’)\" EF‘@7 7 /7 %*ﬂﬁk%iffﬁ%jﬁ
L—HERHNT DL, 7T v 70 EHIEYT, BELT
DI ETARY I NI =BT D, B S D A
 INRE =%, 7T v 7 DIBIRITEKE L TERLFRIC
B \g—rbhd, £, TUoFLRTHEETHD
X’\"“/ﬁ/l//\"é?*‘/ﬁ%li, 77 w7 ORERERT 5 =

LIEREETHY, AR I NNRE— B AFLZELTY,
wunEi’\‘ @fﬁjL iTT T&'})ZD 'U\J:(:cl: , wunEXT%%
DOBEICH L CHEFICEWEEZEE T X2 7 0 L
Aw@ﬁwﬁkwﬁi&%%ﬁbfwé
AFRAETFIEOEBATREM 2 i 5 72 DI~ OFEH
TV Ty 7 AR UZERIEESF—%2EmRL, TNHDF—
LERLNTZANR Y 7 N = DIRAEIZ L BFRGEETT -
77, FEFF—1T 10mmX 10mm X 30mm D7 7 U LA NERIZ
W 7 L 2 50k]/cm? — BT DAERKIC > X —FE D L —
f%%f&?yﬁéﬁbt%@%mbﬁ_XA/?WN$
— U OBEDOBICIE, FHiFx—ZBEEBICEEL, BB
&Uf%NeV*#%%%LUDﬁ%7 kiR LI
357]:_, %Bﬂ@mbuﬁ@%ﬁ% /EL/T Tﬂi{% k x_mprﬂF*‘
ilﬁ? b‘%ﬁy@ﬂ‘bﬁo\.ﬂibf_” %{%%TTI/ oA
F—T LT 6 KDY — RIS LTZ. Fig 2 IZFEHR
FERERT. kL7227 T v 7 OBEYINE Fig. 2(a) TH B.
ZORFD, Mﬁ@ﬁiﬂ%t®%%u%%ﬁbfmé
BEONETY T v 7 BERLEEAITE, 77 vy 7R+t
DABRANHKE G o TR B, @%ﬁxA/7WA5*
URELNDZ ENTREEIND. EEBICEKR LT T v
DOFIRILFig.2 (b) THY, FNE 1I~10HDY T v
EERLIEERTHD. Elsnizr 7 v 7 3EnEND
T I MBRBBRE o TWBZ ENSns. £,
HRRBN6EHTE TITETOARY M EZDFEFICRAE L
720 F v U BHER I, 7THEALLEARLZSAEITY
T EARy FOMNBENERY, £2TDOARy b &R
FTAZLITTE o7, Fig.2 () RIS A~y
INRE—=2THY, FLEEOREWE WS HELTH D
HLOD, TNFNIZRR B RRE =R ELNT-.
INBDARAL Y I NRE— B BAIT L R A R
7=, AT ERLHEERERIC LT T L — b~y T
TR, BREX—Z LB LT X2 — D —F D

—EEUVERY TS L= E = LT, T L—
hoRE— 2 BRI N E—2 1D %)/J\é <L, #pl_RE—r
LEBEISERNORAEEITHY 2 L ZBRYE O PG
DTN E DAy 7 )R — /®ﬁﬁu%@%@ abo)
L CHFEMZRE-ED. Fig 2(d) ICBEORRE R, #it
I IEHCFERRETH Y, LITEWEE 2 32— D
HPEREWZ L 2R LTWA. Ml —oY 7
/V%‘éﬁ(&)é 77z %, [F—F¥FE¥— ﬁ)%ﬁ%‘%ﬂf;

?/701/”— ]\ k ODE\E\/El\%%k , ﬂﬁ@wu uJT:a? 753%’/1%‘ E"ﬂfuﬁ%
VDIKDT T L— b & DRERBEDOFY, &R, &/
B, 27v >y hLTW5. #lxiX, Sample 1 OF—# %
Sample 1 DT 7L —h DA &, Sample 2~Sample 10
DOF o FL— NEBEDOBEEREN Ty SR TWA.
IhERDL L, B—itFr—mnbEbnizT 7 L—h ¢
DOBAEIZBWTEWFEEN R S, R BET—0 0%

([ ([ ([
[0 o, PN . [ J e
g 3 .0 N -0 e
e o ° o0

100 ¢m

iliir_
(c)
IIiIIIIiIIIIiIIIIiIIIIiII

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
[ ] [ ]
% o % | 0%

e %@ 0|0 e
; ;
oo

. -o'. . '-" .
® ( N ]

e’ e@
Y

Sample 6 Sample 7 Sample 8 Sample 9 Sample 10

= 1 = 3 * = s * 3 s T 3
K]

o

£09

o

c

-8 0.8 J J

o L "

2 1 |
G 0.7

3 L

)

N J 1
< 06 - )

E

o

=2

1 2 3 4 5 6 7 8 9 10
Sample humber
Template image

(d

& Same sample ® Different sample
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Fig. 7 observation results of void creating experiment
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(b)single void observed from opposite optical axial

direction (c)void array
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