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CAMIN KISA TARIHI
M.0.3500
» Arkelojik bulgularda cam ile ilgili bulgular (Mezopotamya, Kuzey Suriye ve Misir)

M.O 1500
> Ilk Cam Uretimi ( Mezopotamya)

M.O 500
» Cam uretim merkezleri (Misir, Suriye Dogu Akdeniz Kiyilarindaki tlkeler)

M.0.300
» Suriyeli cam ustalarinin cam ufleme piposunu icadi (ilk devrimsel hamle)

M.S1
» Yeni Uretim teknikleri (serbest (fleme, kaliba (ifleme, kalipta presleme, demir bir tabla lizerine camin dékdilerek ¢ekip
uzatilmasiyla veya ¢ok bliyiik balon halinde (flendikten sonra agilip diizlestirilerek gergeklestirilen diiz cam (retimi)

M.S.650’
» Crown glass — daire seklinde ortasi kalin diiz cam (Devrimsel bir cam tretim metodu Suriyeli camcilar)

10-16.Yuzyil
» Venedik Camciligi ve Avrupa Hakimiyeti

1600-1700

» “Kursunlu Cam uretimi (Optik Camlar)

» Duz cam uretiminde Inavasyon (Cam silindirin ortadan yarilarak dikdoértgen haline getirilmesi)
» Amerika’da ilk cam fabrikasi

1800-1900

» Cam pres makinelerinin patenti (1825 Amerika)

> Otomatik cam ifleme (1859 ingiltere)

» Camin dikey olarak bir serit halinde ¢ekilmesi (1902 |. Colburn (Amerika) ; E. Fourcault (Belgika)
» Pittsburg Dikey Cakme Prosesi (PPG-Amerika)

> Pilkington Float Cam Prosesi (ingiltere 1950)
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CAMIN KISA TARIHi

20. Ylzyil camin gelismesi ve yayginlagsmasi baglaminda blyUlk hamlelerin gerceklestigi bir ylzyil olmustur.

Optik elyaflarin kesfi

Carin bir mihendislik malzemesi olarak
blyiik nem kazanmasi

IR tasiyici camlar, semi-conducter vhb.

Diizcamin dikey serit halinde Giretimi
Otomatik sise Gretiminin baslamasi
Corning laboratuvardan endiistriyel ar-ge ye
A T LCD (Liquid Crystal Display) endistrisi igin 6zel ve hasas camlar
(TV, PC, Cep telefonlar icin cigir)
‘ Pyrex boro-silikat caminin lretime gecmesi A

Yiizey kaplamah camlarin mimari ve otomotiv camlarda
enerji tasarrufu solar control ve cevre korumasi acisindan yayginlasmasi

A
\

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

| | i

v v
Cam seramiklerin kesfi Gorilla Glass'in cep telefonlarinda kullaniimasi
Diizcam"'in float ydntemiyle dretimi

Radyoaktif atiklarin boro-silikat camlarla enkapsile edilmesi
Fotokromik camlanin kesfi

4 Cam elyaf Gretiminin baglamasi |
‘ | Izolasyon ve takviyeli elyaflar
CRT (Cathode Ray Tube) kesfi |

TV caminin kitle Gretimine gecmesi

Kalinhik > 1mm
Konvansiyonel Diizcam

Kalinlik 1mm to 200um
Bukiilebilir Cam

Kalinlik <200pm I Supply Formats and Geometrical Tolerances
Esnek Cam (ultra-ince ‘ Thickness 25, 30, 50, 70, 100, 145, 175 and 210 pm
Sheet size up to 500 x 500 mma2
Wafer size 50, 100, 150, 200 and 300 mm @
Surface roughness Ra =1 nm

Total thickness variation = 5 pm

\\\\\\ A: High strength  B: Ultra-thin C: TFT-LCD module Thickness tolerance + 10 pm

cover glass for electronic glass for (containing 2 sheets of glass)
Format tolerance + 200 pm

touch screen touch screen




Anadolu ve Cam Uretimi

» Anadolu uygarliklarinda cam Uretim tekniginin en eski uygulamalari «dokimy, «pressy, «igckalip» yontemiyle uretilmis
cam Urdn orneklerine rastlanmistir.

» 13. Yuzyil Selguklu Camciliginda ¢esitli cam kaplarin yani sira diz cam levhalar da Uretilmis, cami, medrese gibi
yapilarin pencerelerinde kullaniimistir.

Kendil - Kubedabad Yozl cam tabak-Kubodabad| Kandil - Kubodabad
Konya Karatay Mizesi Konya Karotay Muzasi Konya Karatay Mozesi

> 14. ve 15. Yiizyillarda Osmanl imparatorlugu déneminde hizla gelisen cam sanayi 6zellikle devlet tarafindan da tesvik
edilmis ve istanbul cam uretimi icin etkili bir merkezi haline gelmistir.

» 16. Yuzyilda, odunla isitilan firinlarda ergitilen camlar Gflenerek cam levhalara donustiralGyor ve ¢ok degisik renklerde
uretilmis olan bu camlar mimari uygulamalarda pencerelerde kullaniimistir

» Osmanli déneminde 17. ve 18. Ylzyillarda cam sektorinde ki gelisimelerin geridinde kalinmis ancak 19.Yuzyil
baslarinda, gelisen rekabette var olabilmek amaciyla yeni bir hamle ile Beykoz donemin cam sanayi bolgesi olarak
secilmis.

> 1899-1920 Pasabahge’de Fabbrica Vetrame di Constantinople ( italyan girisimci Saul D.Modiano ) ilk fabrika
kurulmustur ve rekabete yenilerek kapanmistir.

> 1934 yilinda Reisicumhur Gazi M. Kemal imzali Bakanlar Kurulu Kararnamesi ile is Bankasi tarafindan kurulmasina
karar verilen Pagabahge Cam Fabrikasi temel atilmasindan onalti ay sonra 29 Temmuz 1935 tarihinde tretime
baslamis ( glinde 25000 adet sise Uretimi) (Tescili “Turkiye Sigse ve Cam Fabrikalari Anonim Sosyetesi’’ 15 Eyliil 1935)

_Fabbrica Vetr.

ame di Constantinople
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Turkiye Cam
Sektoru ve
Tarihsel Akis > 1939 2.Diinya Savasi

1936 Pasabahge Fabrikasi 1. Yilin sonunda 3000 ton Uretimle Ulkenin tUm sise ve cam esyasi talebini kargilar.

Y

1943 Almanlar’la yapilan bir anlagma gergevesinde Fabrika’'nin yaninda kuguk olgekte uretim yapacak bir pencere cami

fabrikasi kurulmasi ancak savas nedeniyle Almanlarla iligkilerin kesilmesi ve uzmanlarin gitmesiyle, tesisin kapanmasi
1946-1954 Fabrikaya, Belgika, ABD ve Cekoslovakya’'dan Uretim makinelerinin getiriimesi
1955 ilk mekanik tretimin baslamasi

1961 Cayirova Cam Fabrikasi’nda “Fourcoult” sistemi ile diiz cam liretiminin baslamasi

vV V V VY

1968 Teknik Cam Sanayii A.S. ile borosilikat cam ev egyasi ve laboratuvar camlarinin Gretimine baglanmasi ve ilag sektoru

icin notr borosilikat cam boru Uretimi

» 1969 Topkapi Fabrikasinin kurularak sise ve kavanoz Uretiminin Pagabahge’den ayrilmasi, Pasabahcge’de kristal Uretimi

icin ayri bir tesis kurulmasi

» 1971 Cam Elyaf Sanayiinin kurulmasi, Cayirova’da Pittsburgh yontemi ile duz cam uretimine gecilmesi ve buzlu cam

uretiminin baglamasi
1973 Qigecam diginda kurulmus olan Anadolu Cam Sanayii A.S. de sise ve duz cam uretiminin baglamasi
1974 Cam isleme Tesisinin kurularak, 1sicam, ayna uretimine girig

1975 Anadolu Cam’in Sisecam Topluluguna katiimasi

YV V YV V

1976 Kurumsal Ar- Ge calismalarinin yurutulmesi icin Arastirma Merkezi ‘nin kurulmasi
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Turkiye Cam Sektoru ve Tarihsel Akis

DUZCAM

» 1977 “ Float “ cami uretimi i¢in Pilkington ile lisans anlagmasi yapilmasi

> 1978 Float cami iretimi igin Trakya Cam Fabrikasinin kurulmasi, Cam isleme Tesisinde (iretilen oto camlarinin daha da
genigletiimesi amaciyla Bursa Oto Camin Topluluga katiimasi

» 1979 Televizyon Cami Sanayi A.$ nin kurulmasi

» 1980 Sinop Cam Sanayi A.S.nin kurulmasi

» Teknik Camda ilk cam kurecik Gretimi ( Ar-Ge Projesi olarak gelistirilmis olan)

» 1981 Trakya Fabrikasinda Float cami Uretiminin baglamasi

» 1982-1990 ,Yeni Uretim teknikleri ve paralelinde kapasite artiglariyla genisleme ve gelismeyle

(Kirklareli Cam1984, Borcam (retimi 1986, Anadolu camda NNPB prosesinin kullanimi 1987)

> 1990 -2000 Uretim Tesisleri

2. Float cami hatti (1990); Trakya Otocam, Kaplamali Camlar (1991); Denizli Cam (1993)
Mersin Cam Ev Egyasi (1994) ve Float Cami (1996); Eskisehir’ Cam Ev Esyasi (1997)

» 1996 Gurcistan Mina, Cam Ambalaj Fabrikasinin hisselerinin satin alinmasi ile, ilk yurt disgi uretim faaliyetinin baslamasi

» 2000 ve Sonrasi
» Qigsecam : Duzcam, Cam Ev Esyasi, Cam Amabalaj, Kimyasallar, Cam Elyaf (Kiresel Oyuncu)
» Dlizce Cam: Dizcam
» Gurallar : Cam Ev Esyasi Cam Ambalaj
» Parkcam: Cam Ambalaj, Soda
» Marmara Cam: Cam Ambalaj
» Bastiirk Cam: Cam Ambalaj
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CAM URUNLERI KULLANAN SEKTORLER & KULLANIM ALANLARI...

SEKTORLER KULLANIM ALANLARI

Bina giydirme, giines ve isi kontrollii camlar, glivenlik camlari, elektrokromik, termokromik

in§aat VRV IMEdNEREE camlar, kendini temizleyen yiizeyler, foto-aktif cam ylizeyler, aynalar, insaat yapi elemani
olrak cam malzemeler...

. Ulasim araclari igcin 6zel camlar (otomotiv, tren ,Gemi, ugak), ic aksam ve géstergeler, far
Otomotiv /ulasim ,
camlari, kompozitler...

Tarim, Seralar, kontrollii ¢bziinen glibreler ve tarim ilaglari...

Cam ambalaj (Gidave Saklama kaplari, icki ve mesrubat siseleri, ilag ve kontrollii ilag¢ kaplari, parfiim siseleri...
icecek, ilag ve parfiim)

Biyocamlar, oftalmik camlar, fotoaktif hijyenik yiizeyler, yapay bébrek, protezler, lazer

Glines yogunlastiricilar, yakit hiicreleri, lazer camlari, LED, OLED camlari, riizgar tiirbini
kanatlari, fotovoltaik modiil camlari, zenon aydinlatma...

Biyomedikal
y uygulamalari, «Liquid Glass» temizlik malzemesi...

Beyaz esya Buzdolabi, firin, camasir/bulasik, yikama, kurutma makinalari, ¢esitli aksamlari...

Mutfak esyasi, aksesuar, mobilya vb...

Elektrik, elektronik ve Yaliticilar, Entegre devreler, ekranlar, optik-fiberler, mercekler mikro mercekler, foto-

\\\\\\\\ optoelektronik cogalticilar, aynalar...
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Cam Ambalaj

Mimari Camlar
Otomotiv Camlari
Enerji Camlari
Beyaz Esya Camlari

Gida, su, madensuyu, mesrubat,
meyve suyu, sut, bira, sarap ve diger
yuksek alkollU icecekler ile ecza ve
kozmetik sektorlerine gesitli hacim
ve renklerde ambalaj Gretimi

Cam Elyaf EnduStriyeI
Ve Fiberglass Hammadeler

Kum, Soda, krom kimyasallari,
cam elyaf, endustriyel
hammadde, vitamin K3 turevleri
ve sodyum metabisulfit Grlnleri

48
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DUZCAM URETIM KAPASITESI ve DEGISIMININ KURESEL DAGILIMI

Rusya-BDT
pr— 17 hat
z : Bati Avrupa 0.veD. A Tarkiye
Kapasite (milyon ton) 37 hat i 9 hat /
Avrupa Rusya-BDT
K.Amerika Kuzev Amerika N . 29 32 3,3
e y 108 126 445 125
- 7,7 78
56 5,6 .
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23 hat Cin
210 hat
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. §

2015: Diinya Diizcam Uretim
Hatlan

Uretim Hatti Sayisi : 421
(292 hat Cin'de)
Uretim Kapasitesi ~75

(Milyon ton/yil)

2016 Sisecam :
Diizcam Uretin Hatti

Uretim Kapasitesi
(Milyon ton/yil)
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DUZCAM SEKTORUNUN PAZARI VE 2025 ONGORUSU

URETIM HATTI & BUTUNLESIK VERI TABANI ...
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CAM AMBALAJ PAZAR HACMI ve DEGISIMININ KURESEL DAGILIMI

2016
2022

Cam Ambalaj Pazari

43 Milyar ABD Dolari
56 Milyar ABD Dolari

Pazar Hacmi (milyar adet)

%
Avrupa
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147 .8146,4 146,8
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. o m2012  ®W2014

P =2016 m2017 (B)

%2016 ®W2017 (B)

Rt N \
e Ortadogu/Afrika

Giliney Amerika

. 2016-2022 CAGR 716 7 71,8
T
2012 m2014
®2016 m2017 (B)
k. ¢

-

173177

m2012
m2016

L _4

186191

m2014
m2017 (B)

Asya-Pasifik

176,09 1817
168, 5173 7

2012 w2014 m2016 m2017 (B)




Global CEE Pazari 2016-2022 CAGR

milyar USD
7
0
M Europe %3
6
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5 America
Asia Pacific %3
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3 & Africa
W South 0 .
%3 E Ev Kesimi
2 America
M Turkey %2
1
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2016 Kuresel Cam Pazari ( Milyar ABD Dolar)

Ve 2016-22 Biiyiime Ongoriisii

Cam elyaf | :f 8 9.1

2016  ~132 Milyar USD
2022  ~174 MilyarUSD

1,3 W 2016 2016-22artis (@ 2016-22 CAGR
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CAM SEKTORUNDE YENI ALANLAR ...

GUNCEL ArTeGe ALANLARI

UL Laser .
Gcreler camlari 5| yansita
o aplamala
Enerji
anes pil Glnes
aser
ilahlan igi yogunlagtir
Kaplamalal : cilan

AENON
apay
digler

FUTURISTIK
GELECEK

Elektronik

farlar

Biyo-
medikal

Yavas
cozinen

Mikleer
atik
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Fotoaktif
camlar

eCici
SEra
carnlar
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elektronik

AL

SiSECAM




Cam Sektoriinde Yeni Uriinler ve Alanlar

v’ Ingaat Sektori ve Mimaride yeni uygulamalar v Eneriji Sektori
( Guines pilleri, termal solar ve riizgar enerjisi igin dretim, dagitim,

depolama amacli, TCO kapli mukavemetlendiriimis ince camlar,
blikdlebilir borosilikat tiipler, cam takviyeli plastikler, vs )

(Akilli ve enerji verimli binalar, pencereler, cepheler, yalitim,
seralar ve gli¢lendirilmis elemanlar, yeni elyaf triinleri

/ an am . . .
Ulag.lml Sektorunde yeni uygulamalar | v Pasif ve Aktif kaplamalar
(Otomobiller, trenler, ucaklar, gemiler, tekneler de hafif ve (Smart/hijyenik cam ambalaj ve cam ev esyalari, Elektro kromik,
glclendirilmis fonksiyonel elemanlar) termokromik camlar)

v' Biligsim Teknolojileri Sektor v" Tip, Biyoloji ve llag Sanayi ( dis ve kemik implantiar: igin cam
( Akilli iletigsim ve ylizey teknolojileri, fiber optik, yeni nesil veri seramikler, kontrollii ¢bziinen camlar)
depolama)

_ v Tarim (kontrollii ¢géziinen camlar grubunda hayvan yemleri, hayvan
v' Savunma Sanayi (IR gegiren camlar, cam seramikler, ilaglari, tarim ilaglari, giibreler)
borosilikat camlar ve ¢esitli uygulamalar )
_ o o v Radyasyondan Korunma (yiiksek kursunlu X-igini tutucu
v' Elektronik Endstrisi/Display Teknolojisi camlar, vs)

(touch screen 6zellikli, cok ince, muavemetlendirilmig, blikdlebilir

ekran camlari, yeni nesil devre elemanlari ve CPU lar..) Donusumsel kullanim alanlari

RN\

N
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CAM SEKTORUNDE YENI UFUKLAR ...

v’ insaat Sektorii ve Mimaride yeni uygulamalar

» Cok 6zel tasarimlar,

» Akilli ve enerji verimli binalar
» pencereler

» cepheler,

» yalitim,

» Seralar

» gliclendirilmis yapi elemanlari

AN
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v insaat Sektdrii ve Mimaride yeni uygulamalar

Cok 6zel tasarimlar, Akilli ve enerji verimli binalar,
pencereler, cepheler, yalitim, seralar ve guc¢lendirilmis
yapi elemanlari, aktif ic cephe ve dis cephe yapi elamlari
(elktrokromik, remokromik, fotokromik,vb..
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Mimari Uygulamalar

Glass Bridge in Zhangjiajie,
Hunan Province
(courtesy Jianrong Qiu)

Grand Canyon
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\\\\ Marta Banachowicz, Glass Pavilion - European City of Culture 2016, Faculty of Civil Engineering and Architecture, Szczecin, 2016.
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Akillr Camlar
Cepheler ve Ig
Bolmeler

Pasif Akilli Aktif Akill
Camlar Camlar
= Slvikristaller

Suspenden
ol Parcacikli
Aygintlar (SPD)

N
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Elektrokromik Camlar
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Sivi Kristal Cam Uygulamalari

LC Molecules Conductive LC Molecules Conductive
Coaling Coating
Polymer

Polymer
'ET Film « .

PET Film «

Power ON Power OFF

Power ON  LC molecules are arranged in a regular monner, allowing light to pass uninterrupted.
Power OFF LC molecules are arranged in an irregular manner, dispersing light.

AL
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CAM SEKTORUNDE YENI UFUKLAR ...

v' Ulasim Sektdriinde yeni uygulamalar
(Otomobiller, trenler, ugaklar, gemiler, tekneler de hafif ve guiglendiriimis fonksiyonel elemanlar)

Rear Tray CNG Cylinders Roof Structure Door Module Structure

Hatchback J

Bumper Beamf

Dashboard Structure

AB & C Pillars % _Bonnet Structure

Ulasim Sektorinde Cam ve Cam Elyaf

Seat Structure —

Floor Module

Noise Shield I

Source: www._3b-fibreglass.com
N\
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v Ulasim Sektoriinde yeni uygulamalar
(Otomobiller, trenler, ucaklar, gemiler, tekneler de hafif ve glgclendirilmis fonksiyonel elemanlar)

g
E
g
5
g
g
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\  SurFtechTransnational
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OLED Otototive Sektoriin Uygulamalar:

Short term :
OLED Integration in back lights
= 3D glass OLED device
= Flexible OLED module

Long term:
Interior
=» Transparent OLED roof
Car body
=>» For visual communication with humans !!

N
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v" Bilisim Teknolojileri Sektorii

( Akilli iletisim ve ylizey teknolojileri, fiber optik, yeni nesil veri depolama

Cam Hafiza ve Eternal Veri Depolama (Memory Glass)

Advances in Femtosecond Laser Nanostructuring in Glass: From Printed Geometrical Phase Optics to Eternal
Data Storage P.G. Kazansky et al. , Advanced Solid State Lasers Conference © OSA 2015

Veri optiksel olarak fuzed quartz icine 5 boyutta kaydedilmekte (3 boyut + intensity + polarizasyon)
Veriler «kantitatif birefringence» dlgumleri ile okunabilmekte

Benzer boyutlarda DVD 4,7 gigabyte; CD 850 megabytes ; 3d memory crsytal disc 360 terabytes
Veri kayit hizi kilobyte/s (gcalismalar megabyte/s igin)

Termal stabilite 1000°C

DN N N N N

Veri saklama dmru sonsuz
References
M. Beresna, M. Gecevicius, and P. G. Kazansky, “Ultrafast laser direct writing and nanostructuring in transparent materials,“Advances in Optics and Photonics 6, 293 (2014).
E. Hasman, G. Biener, A. Niv, and V. Kleiner, “Space-variant polarization manipulation,” in Progress in Optics 47, E. Wolf, ed. (Elsevier, 2005), p. 215.
http://mww.wophotonics.com/products/accessories/radial-polarization-converter

\\\\\\ D. Lin, J. M. O. Daniel, M. Gecevicius, M. Beresna, P. G. Kazansky, and W. A. Clarkson, "Cladding-pumped ytterbiumdoped fiber laser with radially polarized output," Opt. Lett. 39,
5359-5361 (2014).

\\ J. Zhang, M. Gecevi€ius, M. Beresna, and P. G. Kazansky, “Seemingly unlimited lifetime data storage in nanostructured glass,” Phys. Rev. Lett. 112, 033901 (2014).
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Silica/gelatin
hybrid foam
scaffolds

v" Tip, Biyoloji ve ilag Sanayi ( dis ve kemik implantiar:
icin cam seramikler, kontrollli ¢6zlinen camlar)

BonAlive (Finland)

Osteomyelitis (bacterial infection in bone)

9 of 11 patients with chronic osteomyelitis in the
spine, treated with BonAlive by filling cavity bone
defects, healed without complications
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Uc Boyutlu Printer ve Cam Iskelet Tasarimi

Bioactive cam kemik
olusmasini saglar

Gelecekte kikirdak onarimi
icin onemli bir cozum olacaktir

NN | . |
\\\\\\ Francesca Tallia (Imperial College) With Dr Laura Russo, Dr Laura Cipolla (Milano University)
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Imperial College

Kikirdak Doku Olusumu

Sox9

Arficular

With Prof Molly Stevens

Cartilages

Middle

Collagen Type | Collagen Type X

N
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v" Elektronik Endustrisi/Display Teknolojisi

(touch screen 6zellikli, cok ince, muavemetlendirilmisg, ,
blkdlebilir ekran camlari, yeni nesil devre elemanlari ve CPU lar..)

N WP

Kalinlik > 1mm
ml Konvansiyonel Diizcam

Kalinlik 1mm to 200um

o) oo e : Hi . U _thi . s
Biikiilebilir Cam A: High strength B: thrfn thin C: TP:T. LCD module
cover glass for electronic glass for (containing 2 sheets of glass)
touch screen touch screen

Kalinhk <200um
Esnek Cam (ultra-ince

Supply Formats and Geometrical Tolerances

Thickness 25, 30, 50, 70, 100, 145, 175 and 210 pm
Sheet size up to 500 x 500 mm?
Wafer size 50, 100, 150, 200 and 300 mm @

Surface roughness Ra <1 nm
Total thickness variation < 5 pm
Thickness tolerance £ 10 gm

Format tolerance + 200 pm




Cok ince Camlarin Kisa Tarihi:

Thickness in mm

— = Display glasses have been
G‘\ Gml 0.7 g: A continuously getting larger and
g thinner. (Gen10 2800x3100mm)
G11 o
=1
‘ 052 [ = AF SLGlass
£
Display Yos
Glass o
G8a Width 2.2m
o5 oy ooy Tor, o Rop | me o e ©

— Glass on camier 100m.ITO
. 100m ITO width 0.9m|
0.1 El v.iu::tnh 0.9m
= Ultrathin glasses are getting thinner

and larger. (25 um, Gen 2-5) 0.07 100m ‘l

Gen 2

i o 0.8 mwidth 500m
= (Carrier systems & glass rolls have — Glass on carrier m =
been demonstrated 0.05 El . @ Glass on carier
100m

= Glass rolls are get’Elng thinner, Ultrathin ITO, width 0.3 m
longer, & wider. (width 300-900 mm) 0.03 Gl G
dsSs
= AF, BS Glass - D

\\\\\\ %ﬁ' '?afa "?0;:? "?O?f
\\ Dr. ElImar Guinther, SCHOTT AG, Development and Exploitation of Processes for Thin Flexible Glass — Oxford, May 14th, 2014
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€ Large size: Further increase in substrate size

Glass substrate size

Gen (mm)
Gen 4.5 730X 920
Gen 6 1500X 1850
Gen 8.5 2200X 2500
Gen 10 2850X 3050
Gen 11 3000X 3320

110-inch TV




The world’s thinnest
glass manufactured
using the float process:

Asahi Glass Co. Ltd. (AGC) that it has rolled ultra-thin sheet glass SPOOL™

» Thickness = 0.05mm
» Width =1.15m
» Length =100 m .

N



Fusion Process for Ultra Thin Glass Production

(The fusion method was originally conceived by Corning in the 1960s as a method for manufacturing automotive
windshields. Shelved for years, the technology was reintroduced to supply the flat screen display market)

» Raw materials are blended into a glass
composition

» The batch is melted and conditioned

» The molten glass is fed into a trough
called an “isopipe,” overfilling until the
glass flows evenly over both sides.

» Flowing molten glass rejoins, or fuses, at
the bottom

» Itis drawn down to form a continuous

sheet of flat glass

» The glass is untouched throught the
process

AL
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https://en.wikipedia.org/wiki/Corning_Incorporated

Aug. 29, 1967 5. M. DOCKERTY 3,338,696

SHEET FORMING APPARATUS

Filed May ¢, 1964

| 'H" !L

Patent 1967

INVENTOR.
= - Steart M. Dockerty

, - - 7i - ‘ Fig.6 BY@/@; r/:‘jfﬁ
\\ ’

T




Ultra-Thin Glass: Down-Draw/Overflow Method
(200um >Glass thickness<20 uym )

Supply Formats and Geometrical Tolerances

Thickness 25, 30, 50, 70, 100, 145, 175 and 210 pm
Down-draw/Fusion technology: (Schott) Sheet size UP to 500 x 500 mm?
Molten glass flows using a nozzle and roller Warer size 20,199,150, 200.and 300 mm ©
X . Surface roughness Ra =1 nm
system into an ultrathin glass sheet. Total thickness variation < § ym
Thickness tolerance + 10 pm
Format tolerance + 200 pm

Down-draw

Bead cutting

Glass on roll
- Packag u
Rolling caging

Annecaling .

urnace Cut-to-size sheets

Roller Glass on roll 0 \
ut- lu sheets - j

Glass ribbon

Cut-to-size sheets on carrier glass
N\ -

SiSECAM

e Inspection o




Ultra-Thin Glass; Down-Draw/Overflow Method
(200um >Glass thickness<20 uym )

Overflow Method: (NEG)
Molten glass:

v' fuses at the bottow of the wedge

Even overflows from
both sides Flow of molten glass

The surface of the sheet glass never touch anything,
leading to the smooth surface

Streams fuse at the
bottom of the wedge

‘ Direction in which
it is dawn

AL
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Products of Schott, NEG and Corning at
VISION Flexible Glass Seminar, Fraunhofer FEP Dresden , Germany, 4th
April 2017

AL
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Ultra-Thin Glass Applications; -

Sensors : Antennas, Label, Bio-sensors ‘:
. ~

Source: "Solid State Technology®”

High-Tec-Optics : Micro lenses, Filter optics, Micro displays, Micro cameras

Printed and Flexible Electronics: Substares and sealings for printed and organic ele

Automotive: Mirrors, Lighting, Displays, Electronics, Interior, Smart Surfaces

Smart Windows: Architectural glazing, Electrochromic windows, Thermochromic windows /
Display: Cover glass, Smart Phones, Tablets, TV , Foldable and Wearable Displays q’mmm;’
Energy Storage: Thin-film batteries, Super capacitors, Micro batteries

Smart Surfaces: Interior, Wall panels, Laminated panels, Room dividers, Railin;&mm -
Lighting: OLED, Lighting panels

Photovoltaic: Thin film solar cells, Organic solar cells

AL

SiSECAM




Ultra-Thin Glass Applications;
Display and Touch & Cover
— | supgrior kinesthetip communication
high scratch resistance
bendable without fatigue
highest optical quality
longer-living, reliable OLED displays due to;
v high temperature resistance during
processing
v’ unsurpassed barrier properties
v’ cost efficient with an established supply
chain

Touch Sensor

UTG Substrate
OLED Layers
Glue

UTG Barrier

Cover Glass (UTG) L

Fingerprint Sensor

* highest dielectric constant

« only temperable material in the
market

* highest thickness uniformity

Silicon
Semiconductor
Sensor

AL
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Ultra-Thin Glass Applications; .

Cover Glass (UTG) \\
Camera Module (ultra-thin glass as key o \
element of the product roadmap) WK
« Excelent optics il

« scratch-resistant,
« tough but ultra-thin cover glass

CMOS Picture Sensor

|IC Packaging

» stiffer compared to organic
substrate/packaging materials

= highest dimensional stability i

= |ower loss than Silicon for high e
bandwidth/high frequency applications

» |aser structuring enables cost efficient
via formation at low cost Solder Bumb

Mobile Processor Unit

Electrical Redistribution Layer

AL
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Micro-Batteries

= high fit to manufacturing technology of
semiconductor and display industry

= withstands high process temperatures (= i
600°C) Cathode \ \

» thermal expansion of substrate fits to UTG Substrate 3
cathode material |

= chemical compatibility 2 =

= cost-efficient by scaling to larger
substrates

UTG Encapsulation

Li-Anode

Three-Dimensional Integrated Circuit (3D-

1C): ,-

= The ability to tailor properties (e.g. thermal e ——————
diameter ~30 uym, diameter ~20 um,

and electrical) for specific applications foo pm pich ‘oo um pitch
= The optimized fusion process provides : ” 1

excellent surface quality, low warp ,flexibility

~ 250 pm
~300um

(C) Blind Hole - top (D) 20 um top diameter,
diameter45um 50 um pitch
\\\\\\ 100 pm pitch

SISECAM




Ultra-Thin Glass Applications; -

Sensors : Antennas, Label, Bio-sensors ‘:
. ~

Source: "Solid State Technology®”

High-Tec-Optics : Micro lenses, Filter optics, Micro displays, Micro cameras

Printed and Flexible Electronics: Substares and sealings for printed and organic ele

Automotive: Mirrors, Lighting, Displays, Electronics, Interior, Smart Surfaces

Smart Windows: Architectural glazing, Electrochromic windows, Thermochromic windows /
Display: Cover glass, Smart Phones, Tablets, TV , Foldable and Wearable Displays q’mmm;’
Energy Storage: Thin-film batteries, Super capacitors, Micro batteries

Smart Surfaces: Interior, Wall panels, Laminated panels, Room dividers, Railin;&mm -
Lighting: OLED, Lighting panels

Photovoltaic: Thin film solar cells, Organic solar cells

AL
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CAM SEKTORUNDE YENI UFUKLAR ...

Enformatik Cam Araylizler Katlanabilir Camlar

Dogal afetlere
dayanikh 100
yillik veri
saklayabilen
‘kuvars cam’

Karanlkta duvar panele doniisen cam
teknolojisi: Saydam-OLED(Organik Isik
Yayan Diyot)

SISECAM

E_
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SISECAM TOPLULUGU

N
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Diizcam Cam Ambalaj

Faaliyet Alanlan

. Mimari Camlar

. Otomotiv Camlari

. Enerji Camlari

. Beyaz Esya Camlari

Faaliyet Alanlari

Gida, su, madensuyu, mesrubat,
meyve suyu, sut, bira, sarap ve
diger yuksek alkolli icecekler ile
ecza ve kozmetik sektorlerine cesitli
hacim ve renklerde ambalaj Uretimi

Kimyasallar

{STANBUL

COFFE

Faaliyet Alanlari

Soda, krom kimyasallari, cam elyaf, endistriyel
hammadde, vitamin K3 tlrevleri ve sodyum
metabisdulfit Grinleri

. 50 Pasabahge Magazasi

AL
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SISECAM TOPLULUGU FAALIYET ALANLARI iLE
KURUMSAL ARASTIRMA VE TEKNOLOJIK GELISTIRME

Kurumsal Arastirma ve Teknolojik Geligtirme ::> Sisecam Toplulugu Faaliyet Bilesenleri

Uretim/Uriin

Diger Soda
Arastirma ve Deneysel Kalite Giivencesi Kum Hammaddeler  Uretim
Gelistirme l i
Cam Kingi Hammadde+— $ «
- | Teknolojik » _— Ureti Isleme —_— Depolama
Gelisti | U
Temel Ar);%gramrg?alr e isti noloj i i L —-Cam Firmi/——
Aragtirmal D I - - ., aristirm
rastmaiar W Seistimoter W Uyouiamaia | Uygtiamatar : Cam Kinigi ;an? Rejenarator
' Toplama 5 e
% Eraitme Yakitlar ol
Aragtirma ve - — — 'ﬂ )
| Endiistriyel I.lretlm Gruplari ArTeC> glhendlsllk Teknolojisi ve Giic J
Gelistirme L 1
(—@ragtnrma ve Teknolojik GeligtirmeH ‘ .
Uﬂeme o Basincli Hava

Uriin/Teknoloji Sahibi Olmak ve Uretim/Uriin Kalite Giivencesi igin . Press . Hava/Gazlar
Aragtirmave Teknolojik Gelistirme, ArTeGe, Uriin Gelistirme UrGe Cam Kingi Rulo =+ Vakum
< Cekme < Buhar
Dokme () Su
Float Aaan
4
Ambalaj Tavlama/ ~
Malzemeleri Tﬂreﬁ‘
Cam Kinigi -
9 _ [V] Kalite ©
v - = N
! Konol _____ , ikincil iglemler
. l Kaplamalar (Boyama)
Cam Kingi Otocam
« Depolama Ayna...
Ambalaj
agitim




ARTEGE ORGANIZASYON YAPISI

Arastirma ve Teknolojik
Geligtirme Baskani

—

Oretim Gruplari
Gelistirme Direktorleri

(~75 Gelistirme

Elemanl)

Teknolojileri ve

Ergitme

Cam Teknolojisi

Kaplama Teknolojsi

Analiz ve Destek
Hizmetler

Yenilik ve Kalite

SISECAM

Miihendislik Direktorligii Direktérliigii ; NP Yonetimi Miidiirii Tasarim Merkezi
Direktorliigii Direktorlugii
Malzeme Analiz ve
. L : CAT
|| Finn Uygulama || Ergitme Kinetigi Yiizey Teknolojisi n Kara!_<te__r|z_§:syon Mii dﬁﬁﬁg{?
Midarlaga Midarlaga | Mudarltgi Mudurlaga
 |Bblge Lgb_prqtuyarlan CEE Tasarim
|_| Finn Teknolojileri Cam Ozellikleri Vakum Kaplama Mudarlagu MadarlGga
Madirl g o Madarlagi — Teknolojileri
Madarlaga
- Idari Isler Yoneticisi 16 k|§|
_| Harman ve Mekanik Atmosferik Kaplama
Sistemler Mudurluga — Teknolojileri
Madarlaga
| Enerjive Gevre
Mudurltgu Lise/Mesle
Dc_>_ktc.>_ra Doktora Yyksek Lisans On Lisans . k s Toplam
Ustii Lisans Lisesi/Dige
Modelleme ve r
\‘\\\\\ — Similasyon
Madurlaga o . .
AN . A Uzyn o nemStoje stajyeh 28 36 25 144
siSECAM (%13 %24) (%18) (%25) (%17)




ARTEGE ANA FAALIYET ALANLARI

A\

Firin Teknolojileri ve
Uygulamalari

Modelleme ve Simulasyon
Enerji Yonetimi ve Cevre
Cam Teknolojileri

Kaplama Teknolojileri
Yuzey Teknoloijileri

Analiz ve Destek Hizmetleri
Yenilik Yonetimi

Fikri Mulkiyet Haklarinin
Yonetimi

YV V V V V V VYV VY

Y

Kalite Yonetimi

AL
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BOLGE LABORATUVARLARI

» Turkiye'deki bolge laboratuvarlari
« Trakya
* Yenisehir
* Bilecik
» Eskisehir
* Mersin

> Teknik destek verilen
laboratuvarlar

5 Bolgesel laboratuvar
* Yalikoy

« Cam Elyaf

« Cine

« Mersin

Catak

4 Yurtdigi laboratuvar
» Tataristan

\\\§\\\ « Posuda - Rusya

« Targovishte - Bulgaristan
SiISECAM




ISBIRLIKLERI

Ulusal

©CoONOoOOGRWNE

TUBITAK &

Bogazici Universitesi &
Ortadogu Teknik Universitesi &
istanbul Teknik Universitesi &
Yildiz Teknik Universitesi &
istanbul Universitesi
Hacettepe Universitesi &
Anadolu Universitesi

Akdeniz Universitesi &

. Sakarya Universitesi &

. Harran Universitesi &

. Gebze Teknik Universitesi & @

. Stleyman Demirel Universitesi

. Izmir Yiksek Teknoloji Enstitlisi &
. Bilkent Universitesi

. Kog¢ Universitesi &

. Sabanci Universitesi

. Ozyegin Universitesi

. Gazi Universitesi &

Uluslararasi

Amerika Washington University &

Almanya University of Jena &
Fraunhofer Institute

Ingiltere The University of Sheffield
University of Shout Wales

Bulgaristan  University of Sofya

Romanya University Politehnica of
Bucharest

Slovakya University of Trenchin

Hollanda Celcian &

italya Statzione Sperimentale del Vetro

Fransa Gaz de France-R&D &
SEFPRO-R&D &

ispanya Instituto de Ceremica y Vidrio

& Proje Isbirlikleri
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«Cam Bilimi ve Teknolojisi»
Yuksek Lisans Programi

2016 Guz Yar Yilinda egitim baglamigtir.

5 Ders Gebze Teknik Universitesi
8 Ders SISECAM ATGB
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ULUSLARARASI ORGANIZASYON UYELIKLERI

m International Commission on Glass — ICG

European Container Glass Federation, FEVE

FEVE

> Glass for Europe, GfE

05

| Glass Alliance Europe, GAE
@@@ﬁll@nce

European Domestic Glass, EDG
1{._'_[1:;&11@4.&;. . ’
oo INternational Crystal Federation, ICF

Glass Trend

\\\\\\\\ Deutsche Glastechnische Gesellschaft e.V. - DGG
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