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Printing and Photolithography-free fabrication method of a sealed TGV
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Background: About TGV

TGV (Through Glass Vias ) = &1@7\zRITcAiRA SR
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Thin glass plates with through holes, named Through Glass Vias (TGVs), are recently available from glass

manufacturers and are intended for microdevice fabrication. FINA
devices
AR .
glass TGV TGVIERA TR
Glass slab with TGVs
HIR
glass TGV
I
_ Fg#R electrical
connection
TGVAFE=HRH 52 TGVASEIRASA B TGVAEIRASA FEfpl
Glass slab with TGVs Cross-section glass slab with TGVs Use of glass slabs with TGVs
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Existing TGV technology and its problem
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With current technology, only glass slabs with unsealed TGVs are available.

H3A
glass TGV
B3R
glass TGV
TGVATEARHSZ TGVAIERASA K
Glass slab with TGVs Cross-section glass slab with TGVs

S=ILRTGV (FRIBNZENOIZTGV) 2 EE T DARRMIFICE. BB
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‘/é%en‘,’ﬁfnsfer printing needs to be developed for certain applications that benefit from sealed TGVs.
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Existing TGV technology and its problem

EEE Transfer printing

a) SHAR thin layer C) ww a) SBR{GEH I AER
—_— Substrate with thin layer.
RHEEAR  sacrificial substrate HIX glass TGV

b) SBIRZHIAEMRNSIRZ

Removal of thin layer form substrate.

: [
b) %“W d) SHERE th
sl o TGy B

Transferring the layer over a TGV.

YRR sacrificial substrate i5Z glass TGV
d) >—=ILFTGV
TGV sealed with a suspended
portion of the layer.
$£EEZ?’T\§ D Fl:ﬁ EE,'?‘—\'_'\ Transfer printing problems:
* YRR sacrificial substrate
. ZLOEETENMME many process steps

o Ir51%. EREEROESENE bond between the substrate and the thin film should be made after printing.
3
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Our technology
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We developed a technology free from transfer printing and photolithography to fabricate TGVs that are sealed with
suspended portions of a nanocrystalline diamond (NCD) layer.

TEX Top view WFEI Cross-section JEMEX Bottom view
0005 ™ :
glass
mopn Y
coo MOA
006 .o
Suspended NCD layer
o |

80 um NCDJE
Nanocrystalline diamond layer
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Our technology
TGV
Nanocrystalline diamond-glass platform glass '50 Hm
«— |
60 pm NCDJZ
NCD layer
FEX Top view J=1:1:(E4 Bird’'s-eye view JKEX Bottom view

FEF TSR IR ERETFIEMEROE S P BB DEYR
optical microscope image scanning electron microscope image optical microscope image
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Process of our technology

S~ FTGVRIE TR

Our Technology
HIAEMR e .
i BRREICELIEA S 2B
glass substrate

locally thinned side A

i step 1 ‘\ glass substrate /7 step 2 ‘\ /7
| QT

C& side B
through glass vias (TGvs) ..

‘ ‘ step 4 \_/ \—[ \—/ step3 | \/ |
suspended NCD nanocrystalline diamond (NCD) blind holes
JEEE(CRR{FFUIENCD NCDJE LEFDIX

1. HIAOIIYRIVF>YI (OWbKZ=REE) — HEILEH Wet etching of glass (hydrofluoric acid) — well established
2. 1EFOOFERR (L-Y-BB5) — =AHILEH Formation of blind holes (laser ablation) — well established
3. {EFZEB(CLINCDIRDAMAIR — HEIDEH TERIRXL Growth of NCD with CVD — well established, low cost

4. HIZADOIIYRIVF>T OVtKZREE) — WYL Wet etching of glass (hydrofluoric acid) — well established
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Existing technology and its problem

1. E—ﬁ"-lﬂﬂﬂi”n‘ﬁ Single Cell Culture

FROIO—-AE
Flow to deliver drugs

<

<

fElE R Problem
;ﬁ; grass' o e ° \ . HRAERIADTIO—%EES  Cells do not like fluid flows
1EED7R il
blind hole cell

1. :/U:l >E*ﬁ5’) \‘fZ Silicon-substrate devices

)J>ME&EEIN through silicon via

SEE  thin layer

\//
NG

)12 silicon

VIV ORER

Sl
PR ARIREN SRR A A]

— BEAEDRARES
AIEEA

Problems with silicon

Expensive

Coefficient of thermal expansion (CTE)
that cannot be tuned

Thermal mismatch with other materials
Optically not transparent

‘/g%ﬂﬁfﬁﬁ accelerometer
OIST
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Key aspects of your technology and comparison with the existing technology

Eﬁﬁd)ﬁﬂi@tiﬂﬁi H(J %*EE Existing Applications and problems

E—{lfaEE& Single Cell Culture
FROIO—-AE
Flow to deliver drugs

—

d
<

RIS Problem
®© o 0 o o o o R
SR glass \ o FHRSIERIADIO—-ZHERS Cells do not like fluid flows
LEFEDIR i
blind hole cell
552  NCDE IFEDTR mps) AFc & BERAZE  Solution with OIST technology
glass NCD film  blind hole cell - ZFEBENCDIE Porous NCD film

\ o ! ’ l — HREFE Needs to be developed
ei1e o @ e o HRFLOSERIELS  Drugs reaches the cells through the pores

) o FERENTO—%RXURL) Cells do not feel the flow

FEROIO-73ME

‘%‘V\ Flow to deliver drugs
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Key aspects of your technology and comparison with the existing technology

Eﬁﬁwﬁﬂﬁtiﬂiﬁiﬂ‘] E%E’E Existing Applications and problems

2. S ERTINAA  Silicon-substrate devices

SUIDRIETT through silicon via SVIYDRBEESR Problems with silicon
I - =M Expensive
>Jd> silicon - BRESRGZRENAZEEART]  Coefficient of thermal expansion (CTE)
| that cannot be tuned
EfE thin layer — EPAAEDFAAREES  Thermal mismatch with other materials
DIMEREET accelerometer - ANEHA Optically not transparent
TGV ABl(C K BHFRTTE Solution with OIST technology
- - ZRTISYRIA—L Platform is inexpensive
A3A o EMiEaRGREZIREE D] Coefficient of thermal expansion of glass
gees can be tuned

I EDEAAREESTEDVNEL
Low thermal mismatch with other materials
- H3X. NCDRR(X:EEH Glass and NCD film are optically transparent

|
NCDJ&
NCD layer
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Key aspects of your technology

NCDIRD I SABMEARFAD X b

Additional key aspects of the NCD-glass platform and our technology

* NCDEEDOH AR : SLWVERBESIELLFERNANEE

NCD-glass platform: high biological and chemical inertness

» NCDIRDASAEM : EmTOFAHA] (480°C)

NCD-glass platform: high temperatures feasible (480 °C)

o RIFMDISH : SiN. SICERADILE

Technology: expected to be extendable to SiN and S|C thin layers

TGV TGV Tev

H35Z f H35Z } A5
glass

glass glass

| | -
NCDJ& SiNf& SiCH%
SiC layer

‘%"—/\ NCD layer SiN layer
10
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Expected application

B 1 BE—ilpnisE

Example 1: Single Cell Culture

AR ZfLEENCDI& LEEDIN il
glass porous NCD film blind hole cell
e 6 6 o6 o ‘ ® O l

FRoIO—-731M]
Flow to deliver drugs
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Expected application
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Example 2: Boron-doped NCD electrodes

EREIATB
Metal contact

\ )

] .
.=|=. I%EHH@- <17 D)ﬁﬂ%?‘?)ﬁ"\) L
NCDE1R NCD electrode cll Microfluidic channel

H3A
glass

H3X glass

NAIORESTFv > 2 OO F ORI ZNCDER TE Y (CARA

NCD electrodes for electrical detection of microscopic objects, like cells, in microfluidic channels
OIST 12
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Expected application

B3 1 HSAERTINAX

Example 3: Glass-based devices

+
top
H3X
glass
b{)—E.fEm NCDA& Electrical

NCD layer leads

NCDASAERONERET Ml () \EE (B)

Cross-section (left) and bottom view (right) of an NCD-glass accelerometer
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Challenges for commercialization

4

HIAENCDDOFEDEAAREES(CELD. NCDRICIEMERFIZHD .
MEMSZISDERREE

Compressive stress is present in the NCD films due to a thermal mismatch between glass and NCD. For the
fabrication of MEMS, this might be problematic.

NCDIRDTGVE SRS NCDIRDTGVEEAER I DIEd*

‘/é%/lﬁ NCD film with suspended portion Height profile of NCD film with suspended portion
QIST *
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Challenges for commercialization

TGVEDRHIBEZRAL. EHEZE(C_ LD, - -8
FTIRKHIAEELIENYT -

We are currently using a laser ablation procedure that induces surface roughness of the TGV walls. Optimizing this
process might reduce light scattering.

L —H—B35¢
Laser ablation

L—-IR5 T A
Laser ablation process. FEAREFREMER B « TGVEENEZELEL

~/é§—??/"/‘ Dark-field microscope image, the walls of the TGVs scatter light.
OIST 15
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Further development for commercialization

B2 REHDASAERT. BR10~100umDTGVELE

More development towards fabricating TGVs of diameter ranging from 10 to 100 um in glass slabs of varying thickness
might be appreciable towards commercialization.

NCDJ&
H352 NCD film TGV

gla\ss ‘ ’
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Potential ways for technology transfer

« FFEFOAOR

Licensing

- HREAF :  FEORHZERIFCHRIFFE

Collaborations for specific applications
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Industry collaboration experience

2010%E-2011F IMEC (NA70ILYMOZHRSCimAZEEr. N)Lb¥—) @
FATED RERBRICEI 920 Y) L iRER

Consultant for IMEC as diamond growth expert (Leuven, Belgium).
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Patent

 FIAEEAIMVES RIZRATSY N IA—LEBE T E

%8| Nanocrystalline Diamond-Glass Platform and Method of
Manufacture |

: KEMRLFE 62/839,768
PRERIFE AN FE BRART (BEH)

: ARII -7 X  Stoffel Janssens ((RARVIAFEE)

TUAYK-JU—R Eliot Fried (34%)
AEwR N2 27X David Vazquez-Cortés (Iiti8)
LYY RO-2aY—= Alessandro Giussani ({hARJIAITE
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TEL : 098-966-8937
FAX : 098-982-3424
E-mail : tls@oist.jp
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