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Abstract Window protection glass against a YAG laser
based on a bandpass absorption filter was fabricated from
bismuth oxide doped copper phosphate glass with series of
xBi2O3-(40-x) ZnO-10Na2O-6Cu2O-44P2O5 in molar ratio
with x=0, 5 and 10 and were prepared by using a conven-
tional glass casting and quenching technique. The density
was measured by the conventional Archimedes method and
the molar volume was calculated. Bismuth oxide is a heavy
element; by increasing the doping in a glass composition it
can cause an unusual phenomenon between the density and
molar volume, they can have the same trend. The glass was
investigated by using the XRD technique, which proved the
systems are completely in the glass state. Optical spectro-
scopic analysis of the glass filter from the transmittance data
showed the UV and the IR cut-off bands to the bandpass fil-
ter, which confirmed the band absorption in the IR cut-off
included the Nd:YAG laser wavelength, which can be used
for a glass laser safety window.
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– The density and molar volume followed the abnormal
behavior.

– The UV bandstop covered the range from 190 nm to
451 nm

– The IR bandstop covered the range from 638 nm to
1250 nm which covers the YAG laser wavelength

– The glass is low cost and can be used as a protection
glass window against a YAG laser

1 Introduction

Nowadays, the increase of glass researches is due to their
applications in photonics and nuclear areas [1–7]. The idea
of protective materials from nuclear radiation finds increas-
ing interest due to the expansion of the use of nuclear
technology. This technology depends on optical materials
like glass, and it must be transparent in the visible light and
absorbed or reflected in the unused wavelength band. Cop-
per doped phosphate has double band absorptions, one in the
UV band and the other in the IR band [8–11]. To increase
the the IR absorption band we should add some transition
metals like Bi2O3, and to decrease the hygroscopic effect of
the phosphate glass we should add other transition metals
like ZnO[12–14].

A YAG laser with a wavelength of 1064 nm is used in
many applications like material processing, medicine, spec-
troscopy, and metrology, etc. The development of a window
against this type of wavelength is very important, due to
the rapid development of the technology of this type of
laser system [15–18]. Humans need two types of protection
against the high power Nd:YAG lasers, the room window,
and the eye goggles. The room window is replaceable due
to it being very near the laser light source, light scattering,
gas plume, sparks, or any other heating sources that can be
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very hazardous to the user of the device. The YAG window
must have a good transmission wavelength in the visible
spectrum, and an excellent protection against the specific
wavelength. Also, we need to decrease the light transmis-
sion during the laser material processing in the laser room
to protect the human eye, skin, and any other related organ-
isms. The laser protection window must be very cheap, and
have a long lifetime. The laser protection window in this
paper will depend on the absorption phenomenon, rather
than reflection. The manufacturing of this glass will be
applicable and producible by to the optical glass industry,
unlike other techniques used before in YAG laser protec-
tion. The copper doped phosphate glass is excellent for this
type of application, the changing of doping can increase to
the near infrared absorption band, which can cover the YAG
laser band at 1064 nm and some other lasers wavelengths
[19–45]. The aim of this work is to design and fabricate a
protection glass window against laser scattering in the field
of laser working. This study is unique for this type of glass
and its application in YAG laser window protection.

2 Experimental

The glass samples consisting of copper oxide doped
phosphate glass with a chemical composition xBi2O3-(40-x)
ZnO-10Na2O-6Cu2O-44P2O5 in molar ratio with x=0, 5,
and 10 were prepared by the conventional melt and quench-
ing technique. The starting materials used were NaCO3,
ZnO, (NH4)H2PO4, Bi2O3, and Cu2O. The chemical com-
positions were mixed and ground using a mortar for 30 min
for each sample, and then calcinated in a porcelain cru-
cible using a muffle furnace for 1hour at 290 oC to remove
the gases from the chemicals like CO2 and NH3. After that
the sample was moved to a melting furnace for 30 min at
1100 oC, then shaking clockwise to ensure the material had
high homogeneity. Finally, the casting was quenched and
annealed in a copper mold 290 ◦C with a pressing plate to
form a thin disk for studying the optical properties.

The annealing technique is required because of the inter-
nal stress that remained in the glass during the quench-
ing. The samples were investigated by a polarizer tech-
nique before optical that density measurement and found
all samples are free from the thermal stresses. Optical
microscopy was used to investigate the samples for the
porosity, and and some was found to occur during the
pouring of the molten glass. In this study some mea-
surements to were made characterize the glass samples,
including density, XRD, absorbance, and transmission. The
density was measured by the simple Archimedes method
for all the glass samples using ethanol as an immersion
liquid at room temperature, the measurements of the sam-
ples were repeated three times with accuracy ±0.01. Molar
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Fig. 1 XRD curves for the prepared glass

volume was calculated from the density. The X-ray powder
diffraction (XRD) curves for the prepared glasses sam-
ples were obtained using a Bruker AXS D8 Advance XRD
diffractometer. The optical transmittance was recorded at
room temperature, UV/Vis/IR transmission spectra obtained
for the disk glass samples with the two parallel polished
faces were measured using a (JASCO – V570) spectropho-
tometer in the wavelength range 190 - 1300 nm.

3 Results and Discussion

The XRD measurement for the glass powder found no
crystal growth in the glass samples, and the annealing tem-
perature did not result in any crystal growth in the samples.
As shown in Fig. 1 the material is completely amorphous,
with no sharp peaks in the XRD curves.
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Fig. 2 Density and Molar volume as a function of Bi2O3 contents
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Fig. 3 Transmission verses wavelength of the glass samples

The density and molar volume VM were calculated
according to the relations [1]:

ρ =
[

Wair

(Wair − Wl)

]
ρ0 (1)

VM = MW(glass)

ρglass

(2)

Where ρ the is sample density, ρ0 the liquid density, Wair

the weight in the air, Wl the weight in the liquid, VM the
molar volume and Mw the molar mass.

The density of the glass samples increases with increas-
ing to Bi content as shown in Fig. 2. The normal trend of the
density and molar volume is opposite to each other, but in
some cases the trend of the density and molar volume is the
same. The reason for this trend in our glass composition is
because the molar mass of bismuth oxide is heavier than the
molar mass of zinc oxide. So, the glass network matrix with
higher contents of bismuth oxide Bi+ has higher density.
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Fig. 4 UV cut-off verses wavelength of the glass samples

Table 1 The variation of UV and IR cut-off with the bismuth oxide
content

Bi2O3 0 % Bi2O3 5 % Bi2O3 10 %

UV Cut-off (nm) 417 431 451

UV bandstop 190-417 190-431 190-451

IR Cut-off (nm) 638 649 664

IR bandstop 638- 1250 649- 1250 664- 1250

In addition, the increase of molar volume is due to the
atomic radius of Bi+ being higher than Zn+. Since, Bi2O3

has a high relative molecular mass this opens the structure
of the glass network and introduces excess structure volume
due to the number of oxygen atoms that are connected to the
bismuth oxide. ZnO acts as a modifier, and the replacement
of ZnO by Bi2O3 causes increases of overall molar volume.

The variation of optical transmission of the glass samples
shown in Fig. 3 is due to the strong absorption coefficient
of copper in the UV and IR, but the transmission of the light
decreases due to the bismuth oxide content. Otherwise, the
bismuth oxide gives a good absorption in the near infrared
band that reaches to 1250 nm which is covers the YAG laser
band. Moreover, all the bandpass filters produced in this
study can be used as a YAG laser window protection, but
with a variation in the transmission when used in different
applications.

The UV cut-off and UV bandstop filter are shown in
Fig. 4. The bandstop in optics is a technique that is able to
reject a band of spectral lines. For this filter the UV band-
stop begins with 190 nm and increases with increasing the
Bi2O3 doping. The increase of bismuth oxide gives a good
decrease to the transmission, but it also affects the bandstop
as shown in Table 1. The UV cut-off is the end of the band-
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Fig. 5 IR cut-off verses wavelength of the glass samples

Silicon (2017) 9:711–715 713



0 2 4 6 8 10
410

420

430

440

450

Bi2O3 %

)
mn(

ffo
tu

C
V

U

635

640

645

650

655

660

665

ff
O

tu
C

RI

Fig. 6 UV and IR cut-off as a function of Bi2O3 contents

stop filter which starts from 417nm to 451nm depending on
the bismuth oxide concentration from % to 10 % and with a
constant 6 % Cu2O concentration.

The IR cut-off and IR bandstop filter are shown in Fig.
5. The bandstop in the IR band is different than the UV cut-
off and UV bandstop. For this filter the IR bandstop begins
with 634 nm, 664 nm, and ends at 1250 nm which is the end
of the measurement of the transmission. Table 1 shows the
UV, IR cut-off, and bandstop for both. It is found that the
variation between the bismuth oxide content, UV cut-off,
and IR cut-off are linear increasing as shown in Fig. 6.

The bandpass in optics is a technique that is able to pass a
band of spectral lines, in this study it is in the visible region.
These filters have a single bandpass with a double band-
stop in the UV and IR as shown. The area and the center of
the bandpass are calculated as shown in Table 2. This tech-
nique is very cheap for use as a in laser protection window,
and the final finishing needs no extra effort in the prod-
uct. The center of the peaks as shown in Fig. 7 shows these
filters in the green band, nearly attached to the blue band
The bandstop in the infrared covers the region that is used
in some laser protection windows like semiconductor lasers
that operate at 808 nm and Nd:YAG or Nd:Glass that oper-
ate from 1050 nm to 1060 nm , which can be used as a laser
protection window with any wavelength cover from 638 nm
to 1250nm.

Table 2 The area, center, and the peak width of the bandpass filter

Bi2O3 0 % Bi2O3 10 % Bi2O315 %

Area 1502.3 1037.8 721

Center (nm) 549.3 547.2 553

Width (nm) 77.28 71.5 65.1
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Fig. 7 The integration of the transmission peak

4 Conclusion

The present study shows the effect on Bi2O3 of the phos-
phate glass a constant Cu2O with 6 % content. The molar
volume and density are studied to describe the effect of the
bismuth oxide on the phosphate glass and the unusual trend
between the density and molar volume. The optical trans-
mission is also studied and presents the effect of Bi ions on
the cut-off for the UV and infrared bands. The practicality of
using this type of glass as bandpass filters is indicated by all
glass samples showing a bandstop in the UV bandstop and
infrared bands , which is an excellent protection window for
laser safety against a YAG laser.
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