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Development of laser—-machinable glass by electric—field assisted
ion—exchange

MERERE IR KX (Souta MATSUSAKA)

FEXZE - KERIFHER - B

MERES (FEX)

HREEFS : 30334171

FFZER R OMEE (FA30) « AAFZEIE, BIEFINFLE R A A4 R faiE 2RI L TH T AR~ @i
KifaniSE, FV7ADOL—PIMLEREZm ESE2 22BN ELEZLDTHD. 75,
AglCumEATHE L, RUTAY T AENENEETEAN L BE 0N, L —3
INTHMEZ A LTz, ZFORE, WaHERINAT I ZITEINRL TONRBIRIZER N E L. Z
ZC, YAGL—WHE3, 4EREEHNTIT 2470728 24, Culiiid 7 A Tl Rizksuy
TREFZRMIIENRD SN-DITK L, AgiRINT T 2 TlE, Hamdak CIXRF 2T TThbh
200, FISERHWETITIFZE A EMIN TN o72. RIZCuZIRM LT, AghBEAT D
B AEZAT, 7 AN 5 8 OB AFISTE R 2 7=, L)L, IR S M DOEPMA
YT ORGSR, EAFE DO RIKICEH - T, Cul AgDIRABOEK IR b, Ag, Culifnaf
FERIITER SN TN T E RS T-.

MR R OBEE (J€30) : In order to improve the laser-machinability of borosilicate glass, copper and
silver ions were doped to the borosilicate glass surface by electric field-assisted solid-state ion-exchange
method. As a result, it was found that copper-doped and silver-doped glasses had different optical
characteristics and laser-machinabilities in UV range. Third and fourth harmonic generation (THG/FHG)
of Nd:YAG nanosecond laser irradiations to copper-containing region and FHG to silver-containing
region produced flat, smooth and defect-free holes because of their high optical absorptions. Then the
sequential doping of copper and silver to glass was carried out. Although the formation of separated two
layers, that is, copper-containing and silver-containing regions, was expected, the EPMA results showed
that the surface modified layer contained both of copper and silver.
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Schematic illustrations of experimental apparatuses. (a) Vacuum chamber

for field-assisted ion-exchange. (b) laser micro-processing system.



30 T T T T

Applied voltage : 100 V
Temperature : 623 K

20F

Averaged penetration depth

Penetration depth (pum)

10F A 10.6 pm E 4
cu B 15.3 <I>
C 21.5
...bo o
Ag E 8.8
0 1 1 1 1
0 10 20
Time (ks)

Fig. 2 Change in penetration depth of copper
ions with ion-exchange time. Sample E
was prepared by  conventional
ion-exchange method in molten salt
bath of 1.0%AgNO;-NaNO; at 623 K.
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Fig. 3 Comparison of ion distribution profiles
in glasses prepared by (a) FAIE
(sample D) and (b) conventional
ion-exchange (sample E).
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Fig. 4 Change in optical transmissivity with

ion-exchange time.

(a) 10 shot on as-received glass

Fig. 6

(b) 20 shot on as-receiy.
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Fig. 5 SEM photographs of laser-ablated square holes formed on as-received and Cu-doped
glasses. (a) 10 shot and (b) 20 shot irradiation of as-received glass; (c) 80 shot, (d) 100
shot and (e) 120 shot irradiation of Cu-doped glass. The cross-sectional profiles of (a—e)
are shown in (f). The laser fluence was 5.0 J/em®.
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