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A study on the fabrication of heatable glass using conductive metal
thin film on Low-e glass

Chaegon Oh

Division of Electronics, Korea Polytechnic University
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Abstract This paper proposes a method for fabricating heatable glass using the conduction characteristics of metal
thin films deposited on the surface of Low-e(Low emissivity) glass. The heating value of Low-e glass depends on
the Joule heat caused by Low-e glass sheet resistance. Hence, its prediction and design are possible by measuring
the sheet resistance of the material. In this study, silver electrodes were placed at 50 mm intervals on a soft Low-e
glass sample with a low emissivity layer of 11 nm. This study measured the sheet resistance using a 4-point probe,
predicted the power consumption and heating value of the Low-e glass, and confirmed the heating performance
through fabrication and experience. There are two conventional methods for manufacturing heatable glass. One is a
method of inserting nichrome heating wire into normal glass, and the other is a method of depositing a conductive
transparent thin film on normal glass. The method of inserting nichrome heating wire is excellent in terms of the
heating performance, but it damages the transparency of the glass. The method for depositing a conductive transparent
thin film is good in terms of transparency, but its practicality is low because of its complicated process. This paper
proposes a method for manufacturing heatable glass with the desired heating performance using Low-e glass, which
is used mainly to improve the insulation performance of a building. That is by emitting a laser beam to the conductive
metal film coated on the entire surface of the Low-e glass.

The proposed method is superior in terms of transparency to the conventional method of inserting nichrome heating
wire, and the manufacturing process is simpler than the method of depositing a conductive transparent thin film. In
addition, the heat characteristics were compared according to the patterning of the surface thin film of the Low-e glass
by an emitting laser and the laser output conditions suitable for Low-e glass.

Keywords : Low emissivity glass, Heatable glass, Sheet resistance, Heat transfer, Laser ablation

Corresponding Author : Chaegon Oh(Korea Polytechnic Univ.)

Tel: +82-31-8041-0475 email: cgoh@kpu.ac.kr

Received November 1, 2017 Revised (1st December 4, 2017, 2nd December 22, 2017)
Accepted January 5, 2018 Published January 31, 2018

105



FFAVE & =B A9 A1E, 2018

1. ME
a7t AsAE 2 &), Adk o frelelA dAsk=
- 2% o3 ARE xdsla ALEH A

AAS7] A SR
o] Al=xo] sith
7120 o] A g Ayt e A0 b
2 3 WA Yo RE Fig 19 (a)9F 2ol A
(Normal glass)oll Y=L&(Nichrome) Z4-& =

ERIES oF

& wARed 48 2 L

)

A)O
H H

O

gozA AAl, AR FA G2 AR F2 A
9T o e BAYBE S5aht Aol LA
o Nokg WalsEE AEA ol frelol A go] B
FRssich, Al g oze 3 WAl el A 2
R4 BAE F53) 913to] Fig. 19] () 2ol 2
W frelol AEA FRee Sasel e g F
Yol Huy BAfAE AL o] ATH o] g
ool gwe BREE A4 o wy adAl

ITO(Indium Tin Oxide)E AH&-3171% 3L}, 7HA 0] H
Ao R A = Fdoe] st A7IHEET) As}

gud

5= EA4 o] 919 CNT(Carbon nanotube) 2 WE 5
Abo] = Liz9}o]o(Metal oxide nanowire) 52 ©]-&3F
AT7E AlEH S ShTi1]. ol g dnkfEld AR F
wWukeks 5 e BE g8 w1 FYAdS
03 g 9l7) wiEel AFA AHfE ARgo] THe
sttt 2 Al o] Hadstal WAA o] sjEo] Tty
AR = gle BAA Aol BEake] Tkl
A o5 A, 23 =2 AR S TA ToE AN
o] A FiH A Kal= AAelrk
Normal glass

Low—e\ glass

¥

4

Transparent
heating film

(b)

Nichrome heating wire

(a)

Laser ablated area
(c)

Fig. 1. Comparison of production methods of heatable
glass
(a) Normal glass with nichrome heating wire
(b) Normal glass with transparent heating film
(c) Patterned Low-e glass with laser ablation
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Fig. 2. Classification of heatable glass manufacturing
process
(a) Inserting the nichrome heating wire into
the normal glass
(b) Depositing the transparent heating film on
the normal glass
(c) Patterning the surface conductive metal
thin film on Low-e glass by laser ablation.
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Fig. 4. Proposed method of making transparent
heatable glass using Low-e glass
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Table 1. Classification of Low-e glass types

Normal glass Single Low-e Double Low-e

Ag

SnO:zF Ag

Ag

Glass Glass
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b oy HoF

:> Top layers

le——— Blocker layer

Ag—>

l«——— Seed layer

e—
Base layer

“’ Glass layer

Fig. 5. Coating layers of single Low-e glass



S| Eerel=EA] A9d AL, 2018

PR B}G-A| 220 A= rEIH ER(C-Mag) ~HE F3F
715 AH&-8ke] Table. 240 YERd 771} Fig. 63 22

249) wupzol PH5 molfeld ALHUAHT)

Table 2. Components of LG’s thin film layer

Constituent Thickness
SnZnOx
SnZnNx
NiCr
Ag
NiCr
SnZnNx
SnZnOx

Glass

Layer structure

Top protective layer 49nm

2nd Dielectric material layer 4nm

Metal protective layer 4.5nm

Low-emissivity layer 11nm

Metal protective layer 3nm

Bottom dielectric material layer 4nm

Bottom dielectric material layer 21nm

6mm

Glass layer
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Fig. 6. Solar control metal layers of LG’s Low-e glass
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Fig. 7. Sheet resistance measurement of Low-e glass
(a) Sheet resistance measurement by four
point probe method
(b) Low-e glass sample for sheet resistance
measurement (300mmx100mm)
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Fig. 9. Measurement of heating value of a non-patterned
Low-e glass(100mmx100mm)
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(a)
Fig. 11. Surface temperature according to the voltage
and time of a non-patterning Low-e glass
(100mmx100mm)
(a) Room temperature state
(b) Thermal equilibrium state

2.2 Tie{'do] w2
2ol xwe] IHY
#lo] A ojEd ol dste] A=
g @S A5l
(Solidworks, VER 2017)& A}-8-3}aL,
7] 100mmx100mm=z 3] AlE-go]A

0x

aHE
==
o 9)

rir

o]

;;;;;

Laser ablated area
Conductive metal thin film (Ag)

Fig. 12. Heatable glass structure and an example of
laser patterning

(a) (b
Fig. 13. Comparison of vertical and horizontal
patterning results
(a) 3 Vertical patterns
(b) 3 Horizontal patterns
Fig. 12:= 2dfele] 729 dolA e &
HRl Ao R < o] 49| F2uKBus bar)E F2
atal 7hed 39 & #RlS HlolA o Edol st &
Sl Ag)e A JHE B Aol
Fig. 13 Zolfele] F4uuhe 543} S3uate.
2 Y A9 B9 WAEHS Wad AO2, (a)



TAG2] ARl B AT

o %4 g Wk (b)e] +9 Aele] AAY S4o] u
o 959 & 4 gtk

Fig. 145 2ol§e]9] 418 £43g0s s
d B9e A9e) BAEHS M A0, @9 37
et (b)el 670 AR Bt Dol B w2 3
W AL B 5 Yo, v Bl Aee) &% wel
el ik ARG Sge] YEFL & 5 ek ol
A3k 59 9] Aol 2e Bt vehile] o
% ekl ol 24 el el urk dAd S4ol

o2
l-o‘l
ofr
o
32
o

(b)
Comparison of heating performance by
number of patterns

(a) 3 Vertical patterns

(b) 6 Vertical patterns

14,

Fig.

2.3 3o|xf ofZaold
go] 4 ofBalol e Asel EHlel Pl AT FAks
#lol 47k AR o] AASE Ao 2

bakzo] e ol2jol AR, F2A Bl

o
=245

=5

L

re
-
=2
>
|
3!
[0}
¥
=2
T
rO
=
o
N
I
©
frt
9
Ho
G

by
g M
2oy

01}14 1

lo g

O
[T

- o oy
o,
_|L
2

m —
1
2 o
o
fftl

glo]A of
#lo]A LIX|= 1064nm 42| Fiber #lo]
AZHA pulse A= 1mml, pules repeatation rate
200H8] W12 FpAste] ol AEE AP o)
o)A ojelold Ve Zolfrel EHY H4 B A

7ste] 714 dAFS A A7
[e]

>
oo
e

111

z210AME (b)o] A=

Ego] wEE A

Fig. 15. Cleaning the metal thin film on Low-e glass
using laser ablation

(a) Laser intensity, 2.63 X 10*(J/em?)
(b) Laser intensity, 1.9 X 105(J/ cm2)

e
re
-
=2

>

H

o b
1z

1)

=}

_0|L
[

R
lO 1_‘>, ﬂllo rlr
=
2
a8 2
)

2 oo
22 ox
ol N
-— —— g
rlr

o

Ho
i
=

N
o
lo
ne

_0|L
o I
19
[e%
2 F
rlo

_);l_,
of
_>|’I_'4
L o

ilﬁrfi&"
B
i)
=)
2 oro te

o N T o
rf 12

2

%

A&E‘Jrll‘
o (3
=2 o
p A
o

Lo

ox
o

ob&el, dolA el Feiol weh BESHE v



FFAVE & =B A9 A1E, 2018

&5 es ANsgon, Zolgle] AEd 3%
wpeke ojEeold slle] AE dolq olux 29
202 Ak

REFERENCES

[1] S. H. Jang, [National R & D Report] Development of
transparent Heatable glass for condensation prevention
using CNT, Korea Electronics Technology Institute,

June, 2013.

Y. G. Kim, D. H. Kwun, Y. K. Jeon, Heatable glass
using graphene and manufacturing method thereof,
Korean Intellectual Property Office, 10-2013-0120627,
Hyundai motor.

Y. H. Park, J. S, Seo, B. Y. Cho, A Study on Thermal
Performance Improvement of Low-e Glass Using Laser
Source, Architectural Institute of Korea Spring Annual
Conference, vol. 37, no. 1, p.545-546, April, 2017

C. Y. Jang, B. L. Ahn, C. H. Kim, J. S. Kim, S. J. Lee,
A Comparison of Thermal Performance of Double
Low-E Glazing Window according to Various Material,
The Korean Solar Energy Society Daegu EXCO Sprint
Annual Conference, vol. 31, no. 1, pp. 133-137, Apr.
2011.

C. Y. Jang, J. G. Kim, B. L, Kim, J. S. Haan, C. Hoon,
Thermal performance evaluation of Temperable Low-e
glass window through Heating Energy consumption
Analysis, The Korean Solar Energy Society Daegu
EXCO Spring Annual conference, vol. 32, no. 1, pp.
200-205, Mar. 2012.

J. S. Park, C. S. Huh, Measurement of the Surface
Emissivity of the LED Lighting Module, J. KIEEME,
vol. 26, no. 6, pp. 493-501, June, 2013.

DOI: http://dx.doi.org/10.4313/JKEM.2013.26.6.493

(2]

(3]

(4]

(5]

(6]

Christoph Kockert, Harald Hagenstrom, Continued
Process Improvements in Architectural Glass Coating,
lassonWeb,
https://www.glassonweb.com/article/continued-process-i
mprovements-architectural-glass-coating, Sep. 2017.

Y. G. Kim, D. H. Kwun, Y. K. Jeon, Temperable
Low-emissivity glass and method for preparing thereof,
Korean Intellectual Property Office, 10-1381531, LG
Hausys.

(8]

[9] Y. K. Jeon, K. S. Jo, Low emissivity glass and preparing
method thereof, Korean Intellectual Property Office,

10-1381531, LG Hausys.

112

2 XH £(Chaegon Oh) (M3

=
1%
=

¢ 1989 29 : FoF}
(33}

19993 84 : A3|vjtal Mzh33h
¥} (FEEAh

19894 12€ ~ 1997
Az AT
1997 102 ~ &4 :

evjskn AAFEY WG

.
> o
H
2
2
N

<qhRop>

SoCA 7|, GPR, Laser 5§




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


