,,3. YA
St T %R
KT

ol

L=



(BIEFrA) BFESRE

oIS : SREETRAMBZAMREIBMNERS 35,
ONHERELE, WMAT (BENEM) PrEFENERENHE;
O T (AnfIEMHELE) MALBLYEER, URBHNBNERREEAEE.
O TR TIFIMEREMNFSREBENR,; SEPEH: (MAEBHETH)
oA T BIF I BERIFIE. S BE: (BIEMHEBLE+T—#)

e HHEIEAFEARRFMN AN L R 7Y ELH 315,

e LA EE, MUCT TREERELSES ?



BEHEENBFTMTEL -
LM T BEHE TR : Mind Map BESE, EFMUTIE, (1) TUHHBERE B
MFRBKREK ; (2) ERERRN, REBENE ;| (3) FELEGMUERMILE, ETHEHEYE

(4) pemFERABDUCKMENR THTAMESRARE . X HE (BESHE)
BNV E%3?
Ziﬁ%ﬁgﬁﬁsﬁw\ﬁiﬁﬁﬁﬁ%(&4%mm:
ZI . B=18F, (REXXMeRSAA), BlFEHhit, 2017 F
BNV E%3 7
3.4 T ZHCHERITIEIE : MB T RERER. MW TR (ER. WEE). XXHE
BREHFERTGE : 5EXHBE (SEAFEE)
(—) XEAFIR®mELRE  ERIERIEPRANENFORN, X EENEE

)dﬂm

Tk,



KLY M TN EE AR IR SER (1) XERE L#HTER  (2) XEEME,
BEURMEEREXAEWNER ) (3) XEMNZESHW L, BEITHMIRR, REEHEE
MEGIAIR | (4) BEZEXENIESHKR, THRER—KE—FBX

BHEEERE.

(Z) XHEER (EAGR, REBDA, REBADRNET) F= (1) BEER ;) (2)
IABT ARG RERIR | (3) MRIARNZEASRERAUEFHREDAN IR | (4) WER
CilHE—TRANBEFNERER.

Bl 5437

4 [lBIRE . PS5ERMNTE (BERE (+AL) BA (BEN))
(=) [ e@E Rk, E—HBNEF KRR (XN TERAMENEFHIFIR) |
FEE—HNZIKEB (BaNXBEENARA)  FE—HEHNEIKAET (ATmEXN




=M S A IIR)
(Z) RBRESEDER=K: (1) AT#E
=i
(=) [E#E[D  AHAMEARE RSHE—TDEBATEBD (1) ATHBEX (RN
NEREEER) ; (2) FHMEER (BRNTESBE A EBEREZERBMOAR | &
ﬁﬁﬁﬂ%%¢%%ﬁﬁﬁ,ﬁ¢ﬁﬁh/
Bl 543 7
5. Journal Club A :
(—) 7L, E—™ZRmELERN, B EZPIANENEKSE LE, #HEALX. BEHE
B, KB ENE F—TRUBERE ) &EE a2 ERNT ENB
(Z) Diee £, gEmz®| (1) Jie 0@k ; (2) BERmER S (3) FHARMIESAE

=30, (2) AHEZEER; (3) ANHHEECHWEAHH



(=) MRLE, EBRIEE—ITH, 5ISTRHELIE ReaILERE ORE) 580K (I

(M) AL, BATFSIHESH¥ LM, HIRENG, SBETIL, NFELBEEH
.

El 543 ?



AR

1. DCERBIE: a0 AHEAI MR 3E?

2. —MFE AR FIMEFRNR BT E: EXERMN
R ‘

3. TR HAG KRR : —ASHERE VIHHX AR

4. Why Journal Club? (htH4ZRA/NEXHBERHHR)




K T SRR B9 AL T 5 15€

HEERERR, ARSERFEMNRFRAREMBRD e B THEFIME
BIIE, SR EFARIR XHF AL XN EER K.

Blan, TRAEFAZZFTEBCHZINRSUE: "RIGHL A M b 57
o ”@fﬂ%ﬂﬁ?ﬁ%%%’]kﬁiﬁﬁ%ﬁ'ﬂ%%Eﬁ(%%?}ﬁ913%, NBE 15 B
R E AWM. B R T aerat T H 4 FE A9 B &R L2
Az, BERET NiER. by, FFEERSHAERE. *F
NPT BT AR B2 AR . #aidiE, elARSH
T HEE, ANRFEGHELE.

BETI, MRENMREFLEEZEFMAMRIENDEKEE.




< T SCHR B HE 3 5] 15K

HHMFEEZFFIAEE, ERAECRBHAIEE LM A FERE.
BB XA ACHU R, oA REHN BETIE .

BRI, —hE, HHUALRELTHMHRANEE—REXT, £EHR
BN EEXRTRE AR, FIR(EEEZRNIEXE, ZFrXEMER
WA, FAZRAFHURAFE, MERATEXEEEMFME R R —%
R B—FAE, MBHRANGEBADRFVEXMN A, BiILBSEH. &
REAXMEFEFNS . BIANEEMTE — BN = BB B H BT AR R,
BARE SR H I B SN SHET. XS #AMER NES.

Alt, RAEENBRBXEAAEBERA, ARHRIEEVIEXH
— A SRR BT EE 4. B YRR HEH M 5 M BGE EISCAL, M
fEF A& A 1R AXIT.




Wi ZRETHFARNMTIENE « #

5 —S i X E{E SR ERIT ) —3

5, BHEE

FIFELM]FRER (21T =

E R K F R T 20154 AR

> EBHEENA, EEATEIGFERLE, AMERT KA
0%%gx‘§‘%£§%o
> FRBATHARRIALRLRARE N, AT AN,

4“”/ﬁ//// | AAXLKFHZOETR, RERHALANEHRE, ERFEMNES
3 LA ZE B X
SRS > AL ECBEHOUHNERTIR P, BEEMGRALE
\Fﬁﬁﬁﬂ-«;ﬁ’ PHRA, B LI AR A, B A RAE A
=" FELAMIFRBAEERZ—ER, ARZEHHNERHFE,
> BRI —BXFFE 6 LB a9z (RCL, RTC, RPP, RFW, MOP) &)
FAEF, FAMAGETARANEEE, FHEHRE LR, &
\ " EBBBANY B CHREBHAIHREE,
. > MERHE—T 8 FThiEk, ZXRLRTIARGFLEHAFH%

Ao BHFERL, REXBAF X, TRREFILFHHST,



SCHR B8RS “ B M BT I B R ?

VE2EFREXEHERN, MRAMEZEH4, IEEEECE
SFRERRIE Y, XBEEENRE:

(1) CERFIEE AR ;

(2) XERFEEERE, ERREEIRE]—FhT7 iR M SCER P ISR AY
EE.

FIRRN A= SHEEREREGRIRMNE XAE S AMENF T
EMABEMNL T FRBRSENBK. RAFULTEEIRENOA,
U EB A £ FEFR R, ALh, BRI AYX (o) 1% B 2 [F 3 R
fRR,




SCHA B SRRy “ B F1“ BT IAZR I 2R ?

EAIZHT, XERFRIARERTESEESERREIT. FRER. HRSE
MBREEATEARE MASRHERBA AN SN N ABHER.
MRS ANARTIE T BAE (FEEARE) , AHLARCHERTLA
KL ARSI KB AR IR, WARERZNE Z AR T ENA RAYE =X IT,
NArEENXGRRS R TEE, TRRGZE™EN AR
W ENL, MAERTNIENRZMARB XX —RBER . WRGRZ I FrERA
PIB AN EEN AEUEAEN AN BT, S ERIANRE DT R i EX
—BwHER.
RREIRAY 0] 2
1. BREET R A REER A ZEN AR RIR X R TSR0
X7
2. KA IERR A R IEERETF T E I = FH 5K




BT BB IR HEFI T B2 R AU RE 7




AR

1. DCHRBEIE: a7 bt B3R

2. —MFE AR HFIMERRNR BT E: EXERDN
R D ‘

3. EF AP ERS: —HSHFEHEVIMEXAI R

4. Why Journal Club? (hf+AZRmA/NMEXHEEEHTTR)




SEFUSH 18 = A9 SCEA B IR 2 Ah R

X R %E & W & X
frE | TP
se= | Wb =4 FEEAD EREER /B PRI 43X — Bl 7 1
= (What They Do) FEHEXADPIRE A TEE G,
- e i%a) . iZERESRIZTIA Y TRIATIRGERMEELS R, 1%t
. A SCHA 205k oo LA 7t ey
XHRER | op Surmmary of TR A EIIEG T, EIEME 200 SR TR
iR orou ary S JLERIESR JLA1E, A SR EEE T EIRGE N —
revious Literature) RE.
BB AT HEZ RN F RIS HER. CPLS
S A SCHERHETE POC, GAP X% SPL #H SR, FANCH XHREDE
x| CPL | (Critique of Previous | T&. J57ATEMO 4T TR EMAEIER BT SRALEN
<= Literature) Z Fr7E. CPL &% =%/ SPL, HEEFEE A ER ML
BABERE T A BEFEFTHEIE
ke 135 (BT RE U FI T RS 77 )38 B IR STk FR &R 28 A9 AR
\*,,\ GAP 25 (59(Gap) 7r. YNER GAP #1 CPL F UG HIR1E, A AFTBFNIXZEE
<~ B EEVEE IR > RIS TUN B RAT,
e N e UL MR B kIR, IERBHEMASEMNER, HFHEEM.
XBE | rat (ﬁﬁﬁﬁ) V45 LA SCBR Y CPL F1 GAP Jo, R 1% ITFE s 25

RS 7 /5 S H RAT,




HRZXNEBRMRER. ZEBEEEEHAAERER.

WAS | Ror MARR | ommmeens . EATASEEAMIE RO X
RATIE ] (Results of Findings) JLrRA IR RRIT, B ATEA S TS e
1, BRWX—RRERBIBED =K,
SMB XM =—
i RCL ESGRITIEA 37 IR Z X SME W K —B IR &AM, e, 1
k (Results Consistent | F B MR TIEFEMAE SR TE.
with Literature)
517 S
TR | A SIA AT —BTRLIL. BHRY.
e | RTC | T EEBC MR TIEH RS H A SR T
(Results to The e P
Contrary) ’
EFEIEXEPHTHA ) X2H WTD IRIERES
g | WITD g8 7 4 IR IRE) R, X—FRBREE TEEEX AR ELEER
& (What They Did) | Z2#R[OA, (EFLEZEIXIZEMAIAEX XN B
CH— ok,
SWRKARNEWN | BRNAR LIEEARTE ;| (EEFX B R XXER I FEm i
1% | RFW | (Recommendations | = H(CGAP)IRHERLEE, Bl s ENEAENR

of Future Works)

TRHEIL




PR AR,

ML

&

1. XERR
(5 BEWRHFRXABIKXNIF T x5 LX)




:%;

5% 452
5
ZHLR
Ay
JL

I:I
(
I\i
/
N u"
L
AN
-

1.
(
by
B
g
30
A 5
2
P S
9
Bt 3¢
U
5
*
5¢
=3 3
)




Ml
5
o6

HM‘FB%@E'J 'Ly

3. WXBHEEN (B Lk A3 W)

2. WM (B AMA R BB Y 2

1. 3xERaE
(5 LKA XA FTFRT k54 F)




58155 25 f AR A Y = T Rk

4, BE—BE ——p 3185 (BE SR LA )

3. WXBHEEN (B Lk A3 W)

2. WICEEH (IS A R R I 2

1. 3xERaE
(5 EARFARABZABRFARXT k5L R)




248

[,

/,
) ,/wyoa
\

\

W
N

0 A\



248

X
i
58 3
&7

N

)

\

\ / \ ,



DCHR 5 5858 B T R 48 ZRNMABTNESR




DCHR 5 5858 B T R 48 XEAZ N AFNE SR

XE | &,

- ROF |SPL |CPL | GAP |RFW | POC/RPP
Eﬁ ‘

1

fix
~o -
W =T & ///7///
<. © 5 - 2=
—Z Z
- =2 ;

EE,—Jj_z
2. CPL/GAP F1
E2




jﬂﬁm 'i; AbSt a Ct? Hybrid polymer microlens arrays with high

numerical apertures fabricated using simple
ink-jet printing technique
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I . bstract: Microlens arrays fabricated by a direct ink-jet printing of UV-
. ature otonics, : g S J€t prinung
curable hybrid polymer are reported. A periodic pattern of polymer drops
le hybrid p P periodic p p
was ink-jet printed on the surface-treated glass substrate and cured in the \A/ T D

UV-light. Using this simple technique, we demonstrated periodic arrays of
almost semi-spherical microlenses of 50 pum diameter size and a focal
distance of 48um. The optical characteristics of solitary p-lenses and arrays

WTD What they dO comprising up to 64x64 microlenses are measured both in the near- and far- > R D \:

field zones. Large numerical aperture and short focal distance make the ink-

ROF R@SUltS Of Findings jet printing of microlenses very attractive for applications in optical

) _ _ _ interconnects, large 2D VCSEL arrays and pixelated imagine sensors A A
APA: App“ca“ons or Potential utilizing CCD or SPAD arrays, offering thus an efficient, simple and a ’F

] | cheap alternative to the conventionally used photolithography technique.
Appl IcatIOﬂS ©2011 Optical Society of America

OCIS codes: (130.0130) Integrated optics; (130.1750) Components; (130.3990) Micro-optical
devices: (030.4280) Noise in 1maging systems; (220.3630) Lenses; (220.4000) Microstructure
fabrication; (160.5470) Polymers; (160.6060) Solgel.
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Sub-micrometre accurate free-form optics
by three-dimensional printing on single-mode

fibres

Timo Gissibl,VSimon Thiele?, Alois Herkommer? & Harald Giessen'

Micro-optics are widely used in numerous applications, such as beam shaping, collimation,
focusing and imaging. We use femtosecond 3D printing to manufacture free-form
micro-optical elements. Our method gives sub-micrometre accuracy so that direct manu-
facturing even on single-mode fibres is possible. We demonstrate the potential of our method
by writing different collimation optics, toric lenses, free-form surfaces with polynomials of up
to 10th order for intensity beam shaping, as well as chiral photonic crystals for circular
polarization filtering, all aligned onto the core of the single-mode fibres. We determine the
accuracy of our optics by analysing the output patterns as well as interferometrically
characterizing the surfaces. We find excellent agreement with numerical calculations. 3D
printing of microoptics can achieve sufficient performance that will allow for rapid prototyping
and production of beam-shaping and imaging devices.
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Two-photon direct laser writing of ultracompact
multi-lens objectives

Timo Gissibl'™*, Simon Thiele?, Alois Herkommer? and Harald Giessen' AP ¢

Current lens systems are restricted in size, shape and dimensions by limitations of manufacturing. Multi-lens elements L—
with non-spherical shapes are required for high optical performance and to correct for aberrations when imaging at wide> C P
angles and large fields. Here we present a novel concept in optics that overcomes all of the aforementioned difficulties

and opens the new field of 3D printed micro- ghd nano-optics with complex lens designs. We demonstrate the complete * —
process chain, from optical design, manufacturing by femtosecond two-photon direct laser writing and testing to the>W | D
application of multi-lens objectives with sizes around 100 um, and validate their high performance and functionality by
quantitative measurements of the modulation transfer function and aberrations. The unprecedented flexibility of our
method paves the way towards printed optical miniature instruments such as endoscopes, fibre-imaging systems for cell
biology, new illumination systems, miniature optical fibre traps, integrated quantum emitters and detectors, and miniature
drones and robots with autonomous vision.
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Hybrid polymer microlens arrays with high
numerical apertures fabricated using simple
ink-jet printing technique

Joo Yeon Kim,' Nils B. Brauer,’ Vahid Fakhfouri,' Dmitri L. Boiko, el
Edoardo Charbon,>* Gabi Grutzner,*® and Juergen Brugger

Ml(‘rr) systems Laboratary, Ecole Polyteclnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzerland
*dqua Laboraiory, Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzerland
*Micro Resist Technology GmbH, 12555 Berlin, Germany
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*Technische Universiteit Delfi, Mekebveg 4, 2628 CD Delfi. Tie Netherlands
g gruetz zner@microresist.de
*juergen. brugger@epfl.ch

Abstract: Microlens arrays fabricated by a direct ink-jet printing of UV-
curable hybrid polymer are reported. A periodic pattern of polymer drops
was ink-jet printed on the surface-treated glass substrate and cured in the
UV-light. Using this simple technique, we demonstrated periodic arrays of
almost semi-spherical microlenses of 50 pm diameter size and a focal
distance of 48pum. The optical characteristics of solitary p-lenses and arrays
comprising up to 64x64 microlenses are measured both in the near- and far-
field zones. Large numerical aperture and short focal distance make the ink-
jet printing of microlenses very attractive for applications in optical
interconnects, large 2D VCSEL arrays and pixelated imagine sensors
utilizing CCD or SPAD arrays, offering thus an efficient, simple and a
cheap alternative to the conventionally used photolithography technique.

©2011 Optical Society of America

OCIS codes: (130.0130) Intcgrated optics; (130.1750) Components; (130.3990) Micro-optical
devices; (030.4280) Noise in imaging systems; (zzo 3630) Lenses; (220.4000) Microstructure
fabrication: (160.5470) Polymers: (160.6060) Solgel.
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Sub-micrometre accurate free-form optics

by three-dimensional printing on single-mode

fibres

Timo Gissibl', Simon ThieleZ, Alois Herkommer? & Harald Giessen'

Micro-optics are widely used in numerous applications, such as beam shaping, collimation,
focusing and imaging. We use femtosecond 3D printiny manufacture  free-form
micro-optical elements. Our method gives sub-micrometre ¢fcuracy so that direct manu-
facturing even on single-mode fibres is possible. We demonstrate the potential of our method
by writing different collimation optics, toric lenses, free-form surfaces with polynomials of up
to 10th order for intensity beam shaping, as well as chiral photonic crystals for circular
polarization filtering, all aligned onto the core of the single-mode fibres. We determine the
accuracy of our optics by analysing the output patterns as well as interferometrically
characterizing the surfaces. We find excellent agreement with numerical calculations. 3D
printing of microoptics can achieve sufficient performance that will allow for rapid prototyping
and production of beam-shaping and imaging devices.
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Two-photon direct laser writing of ultracompact

multi-lens objectives
Timo Gi

Current lens systems are restricted in size, shape and

ibl"™*, Simon Thiele?, Alois Herkommer? and Harald Giessen'

with non-spherical shapes are required for high optical

angles and large fields. Here we present a novel concept in optics that

and opens the new field of 3D printed micro- and

nano-optics
process chain, from optical design, manufacturing by femtosecond

drones and robots with autonomous vision.

dditive manufacturing enables new and unprecedented
engineering and production possibilities that are predicted
to have an enormous impact in the twenty-first century.
The technology allows for the simple three-dimensional (3D) print-
ing of volumetric objects directly from a computer-aided design'. So
far, additively manufactured objects are mostly fabricated from
metals, ceramics and opaque plastics. There are a number of differ-
ent fabrication methods to manufacture small and high-performance

by Multi-lens elements
mwhmhrmﬁmlm‘h‘tw&
all of the

m:mmmu.\mmmmm
two-photon direct laser writing and testing to the

organ or a cavity inside the body. Using a very small injection
cannula with an outer diameter of only 412 um (27 gauge) together
with the fibre-coupled printed compound microscope objective
lens, the insertion can be easily accomplished.

In this Article we demonstrate the capabilities of 3D dip-in laser
lithography to manufacture high-quality optical compound lenses
with outstanding performances®, We realize a variety of optical
elements with different features for numerous applications. The
apllczl performance is quantified and analysed by measuring the

micro-optical ; sysltms""' however, these technologies suffer from
i ited inability

elements, restrictions in designing the surfaces’*"" and problems mlh
the alignment™.

Multiphoton  lithography is one of various 3D printing
technologies that realize the fabrication of 3D objects’™!%, Using
femtosecond laser pulses and two-photon absorption, this
manufacturing method takes 3D printing down to submicrometre
feature sizes and therefore pushes the ongoing trend of miniaturiza-
tion forwards. Direct laser writing with highly transparent photo-
resists enables 3D printing to enter the realm of manufacturing
optical elements at the micro- and nanometre scale'?. Thus
the precise fabrication of complex optical elements on demand
becomes possible.

‘We demonstrate that 3D direct laser writing is a suitable tool for
fabricating complex multi-lens optical systems that show high
optical and Until now
multi-lens optics that ha\e comparable performances are consider-
ably larger'** and at the same time do not show the manifold
compound structures and possibilities presented here. Our optical
devices consist of several different free-form lens elements with
air in between. This work is right at the interface between micro-
and nano-optics and represents a paradigm shift for micro-optics.
It takes only a few hours from lens design through production
and testing to the final working optical device.

will allow for invasive and non-
destructive examination of small objects in the medical as well as
the industrial sector and serve as a hallmark application of this
new technology. Figure 1 depicts an optical fibre equipped with a
3D printed multi-lens system for imaging the interior of a hollow

optical transfer function (MTF) and the longitudinal
(axial) chromatic aberration. We also characterize the roughness
of the surfaces by atomic force microscope measurements. As

Figure 1 Coloured SEM image of a triplet lens objective attached to an
optical fibre inserted into the hollow needle of a syringe. The compound
objective lens (blue) consists of five refractive surfaces for imaging
applications and s directly fabricated on the optical fibre (red). The fibre is
emerging from a hollow needle (27 gauge, outer diameter 412 ym, inner
diameter 210 um) to demonstrate the possibility of endoscopic applications.
The objective lens s fabricated in a cutout fashion for better visibility. The
inset shows a magnified image of the fibre tip with the objective.

*4th Physics Institute and Research Center SCoPE, University of Stuttgart, Plaffenwaldring 57, 70569 smu-n Germany.“istiute for Aao(»ed Optics (IT0)

and Research Center SCoPE, University of Stuttgart, Plaffenwaldring 9, 70569 Stuttgart, Germany. *e-maik: { gissiblpid.u
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