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WIYBNA WsS 4 Qe 78 DA77 2 Aulidet gAE 7hehe 23 Qe ¢ (eye ball)
Zoj| A 25t 7 A|lFolth. o] AR oA, AHHA A2 Al2dlof thgt o)l ME=-E- FeHA % o|n]d
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Ziee] 122 olafaly] SIaiAL WA Tl A=
o) 9 S0 ot olalzh Wasith. T A= ol
A AFEo] 49418 Bl Sole we ol A
7] N2 AekE w2 Hujxo} on|xg B4 ek,
b watola] 2o Heks] whe wjo] Awat ofu|x S
AL 4 glor, o2 9ol 49 HT Y B 4
22 B8] 49Ae) ZEN0] 24 F1sIlEE Hof Yok
o]310] ZA] T A7} Bl o] o), o] 2 BAl] Sl
Wro] A=E A1l Lol AL 2PN o] Aot
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A8 21 KoRzhE £ 4 9o, ofRe] A £EA)
2Ao] ojzh& uhe Zhato] 27 2o} Yo} T HE Aok
248 22 Ejo] 9k, 2zke] o] 7 ] Wzt 2 A
3= g sjajehs 3-67) AEo] WS 2w, ol A
=o| 2wz} ofu]x| Al $1217} BAH|el] thEo]ct.
W=7} 3 7l A9 TR et 2ARE FAEE V1
oz ZHog 242 0EF Pe|S wT, o]u|F] AL 1
Rog 740} 9y the] Zwoe 242 2y} Al
o] 912 7+ BAA7} ik A7) o] ek 4217}
A WA, o) 2 Bkl Sia) ol e} A=s} 2]
£ Aot Fres 4H ojulx] AM7F UL A, A7)
BAEE st siLke] Azant sjulele e 4 9l
o} ok wu Fiujgte] Agtos ul: deliwold) J. A,
Rogers 7488 2008o] uha}a Ala)2 3727] ofao]
2 o] 93t T ofulx] AAE ISR, Be] SRolA
sbsls 4218 BT 02 stk 2014uele 4y
olA AFE 2] ZRE CMOS M E st
B, dee Yuom Suiolq Hu s Tk
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a2l 1, oY #HX = (single lens eye) 2 Z=(compound eye)Q| 71X,
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A et 25, A2 B T obd = A i 3y
AHESINE BAET 24 T2 ZoAE ne|la=
A= e o] Zha}, =93 (crystalline cone), ZZHrhabdom)
£O 2 FAJEHI™ 1b). 9] A7) BEFl wet o
Foht BT FRY L5245 20 vpo]A=2n|E H == uj
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2 E P Eok. A= S5 FHE 7] b
of SU= ol vl vl §2 AloFzH(140~180%=)& 7HA]
o, A9 ZF BE2 B4 Eee SAlAT Solew &4
=3t oA HEO| FAo] §l7] W2l Ao B 2HA
glofA 2ol ghe A= 2 AR 9 4 Sl e
Fxo| W AP =(apposition eye)dt FHF =
(superposition eye) 0.2 FHEE| o] A1, M| Ao 2= T
29} o] 57HA] po2 FREt” AR e SR =
= Fo| Fs0] E55H Flojuet JlenR gfo=
O] FEL o2 9t Heo U S S o SRk L2t
A Zoldth. AL w2 FPA TN F== T=EH
Z} &= Atolof| B39} M As(screening pigment) 7} $lo] &
= Zholl He] 7] §ltt. &, S°3(axial ray)-2 F=&A|°ll
FE, 2 ot Y(off-axis light)> H ol Ao
et dEY Y FRE AT FFR B A=A
TE HopA MIRES STMITIE e AT HEE
(neural superposition eye)o|g}t gttt o]9]o] FAA; = -
=45 (refractive superposition eye), RIARSHARE
(reflective superposition eye), ZESHBAE(parabolic
superposition eye) - 2 w3} FEA7 FHu)(clear
zone)°]| 2J3f| 2| =] 3o o2 79| Fieol R 3}
o] 8|1 AR 5, of ol HEeie s 74
o] Gl Role. FUAHre] ARHE AR ol ol
Fie w97k oot 199] wrom ALt Zulst gt
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(a) Apposition eye (b) Neural superposition eye

() i itioneye  (d)
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a8 2, A0l oA 7HX| X, (a) HE w(apposition eye), (b) AlASEY

=(neural superposition eye), (c) SRS 4=(refractive superposition

eye), (d) EIAESZ Al=(reflective superposition eye), (e) ZESEAE

(parabolic superposition eye).

ion eye (e) Parabolic superposition eye
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O3S A A%l A= =Tt

FHd =Y 27 EAS & o AREA, 45 &
Sk A= 8 Al7lolM e S48 S 7 A8 =
= ZAAR A E B AR EE 7R SR v
W3} o= AZ|H 0 2= S o Ul J3kick=
A onlstaL, FH o B= o =2 S04 B B2 o|n]
A5 271 fsiAlE T84 ol Yot A onjgith
218k AHZHE2 2 oA 2= @R Al(brachyuran crab)=
AL HolA = ABA wol FAIE=T ol AlY et
730l o ¥p7] 2o g Akt o W2 9S # 07| 9jgh
Ao AL 2= WS EXjsk=), ol= A% o &
Aate 715-& moFo] o] Whalga} ek L, 1Y) 5
oFy/d 32 73-¢- Z=H(cornea) 2] O] 200 nm o]} 2]
8 2 E71FHY] et z2rt EA8H, ol o vt
AE G713 o Zole A3 Tl ad 3).° o2 met
TR et 2 2 Wi ]eo] dE 2 22 wol 2
7t =3 gled, U & & (moth eye structures) 2}
BRELT FYA 22 Yol it st 7]t
o= AlAAe] gt HE7FF e s, WOl Hr1E &Y &
57170 Zasit). o & Il YF T wollkl= Aol
5(pigment movement) o] T =0, Yol = YA HE
9 S A Al o] mEShe WO Ok E}ITE

3. 8= 7129 2%

1 Az A2E0] B Al I A T2 FEE
t}. AR FolA] LA ulo] 22 A= ojgjo]2 7=
olu] 7] Aol Hg3t A ol AlAg Ao, &

L nlo]22 d= ojgo]S wirwo v Hizo] Zhut
A= muf Fzo] tht Aolet " ghH AAA) B u}
|22 A= ojglo] Wl o]u]x] A7} BT o] w2 = o]
of 3K=t]| o]o]l Tt A7} ol i) o] Rol R gl
o o] A A= B 4= QIek?? o] ghol| = o] F9 ukx}
£ Zo|7] I3 W = EHO] FHbab et mbedt
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S IR AR T
.\dL LFJ
(a) (b)

28 4. Ofo|AZUR 0f2(0] 7|8t HHY 91T e 0/01 AAH: (a)
e Eiol g4 BS AIE O (b) BB 7E”

BEA R US WS F ol shs U7 e
S TEE WA Sl B A7t 9ot of
ee FREL e olgle] thE 7|TelAE WS e
of & FHHE 9] Sk T,

31 BeiE 2k oj0jd AlAd

& ejie Biol 2o FAa0 ZE
29} 7to] WZolr). Ztall == no| A2 J=2 thA
FRssle, ATk mE A olulx) AN ]84 3tk
a4, 7]& CCD &= CMOS AlA7L A=l Hol# 7]%E
o Byto PAELE, A A vpgon 1y
7l ol e, mebd A 2 B 27 FHle 25
suigo2 T £ xeheEo] | W. Duparre 5-&
F A (apposition-type) e 7H2HE Al2totoH
13z a9 49t kY ulela& = ofgo](microlens
array, MLA)E oJu|#] AlA Qlof vjx|sl=tl], &2z
(acceptance angle)& 243}7] 9J3)] Zget 2715 2=
F(pinhole)& mo|=2 Azo] Welol] Frakck. of wl,
o e AJofZhS ZEE 517] SIai, BEo] 9IAIE ofu]A
HAe] 7k B AR FAlol jxIake, Sro 2
£ SHA Holu=E stk o|3A b &t 2t
(inter-ommatidial angle)¥} 4~87+ Alo]o] TAE 2-E
% glom, AJolzhg tha B 4 Q= o] ek of 2o
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C e 271
°1Eﬂ°l Aol 22 23 el separaton layer) &
o} 2t o] nlo|Azoln|x|E WA S, o5 A
T B U A B 4 Qe TS AUk
£ o BRI R ORA, Azofdlo] B o 34
slo] FUAL oA WA ofnlg AAThe Fas Al
D R kil B LI RS EREER LT
(bulk optics)Z o]-&3}7] ok7] WhEo] Fjuje} mEC] F7]
2 B} A T 4 Sloks B4o] itk el 54
2ok 13 Tk, mlojaz s ofgo] AR EAL 2
B8 7HlEhE 9Jtk Ren 5-& Yt 7jjete] 2 wio] on]
A WAE BhRI3Hs Ao] ohet nlol el odo]
)k, thA) who|=i2 Pxe] 2ol ofm|x] AIAE W)
Fon A2 THE 29AE 2 BAY G S
S5 st S o] 49 2lele gl of
A "ol A7 Sk, T Ale) 8)50] Fadt 7
2 8=7} oA ek

32 ZHY Bk X HE
B3 ofulx] AAe] nlo A=A ofdo]S HATH=
79 Aok Hol7)= ofHrh. mebd He Aok 9]
Sl e A 1 30 o] o] 12w
ofdlo] T o] Wastc). ANHOE mlojAzA=
L 50 FUAE VAR 0= hgstel Akt dEe] 3%
o2 PRI YL AL 7|2 Ao B ofzien,
R A7 aFE o} F FH31] Sfo) R A7F
4 2R U B0 G £ e B2 ol8

= 4ot 3T el 024 tlolaz W2 At
5] 897192 o183 PMMA o] 229 mlolazal

= o]do]2 kST o] 2 uk7E A o) Baket 5 o
(a) (o
o (5) Hear

;Fs laser eating T95°C 3
y irradiations |
[SHEEESIN  Glasscap
@ HF treatment (6) 10 Pressing
ST U U
(3) fermﬂ:ﬁm - 7 Cooling
[t
(4) Planer MLA . (8)
AEARREEE,

12 5. (o) 2E 7[¥2 0183 ¢7Y 21T Ak 71X MIEYY, (o) HEX
ZOIME 0IZsH IS 00|32 = of3i|o], (c) T E2| STHARE, (d)
ofo|aEAR HZalo] B AEL®
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3} Qi Thgho 24 WY Q1E P FRE FA
(@ 5).° <lei] o3ty m4EL MUY vpolazg Y
(cylindrical microchannels, CMCs)& o|-83}] 18X} &
Sl & 7Rk = 2~3 um =27]9] mlo|Z27= ofF|
ol2 FABPEY onf YL HH3) 2Wsle] B2A=
9 oZx0) FEUAE AT 5 o), nol22 AY
o A e zAs vlo|a sz 47 WA 4 9k
5, 2 9o A= ofd|o] S WA A% 0] At
= 7Fs3)th

A e FROE Zu o2 sl njojAmA=
B9k ol et 9% 9 7h7ko] ERJkh 443 ool
Sole Ul ol of3e 8l3, IS BT 7|4

52 v SAG] 2E K2 ARl g2 o
25 9HE7] 9
S04 UC Hi219] L P, Loe 912 74 2} B0

SE3IAE? &, g R B D}Olﬂi A= ofF

olE A&t F, FloAde A M= St Hlo] 3
FElo] SRR AE|n, 2ALE FFo 202 °16H =3}
Ho| FA GG 2 FHES AEE 18A 2}
HRPE) &, AT 5 E Fea2rt A= Aot
AR AT AA BHY A A= A, 270, 3
Z}-5o] %

AR A2 dA ITH1H 6a). AA| L3

(i) PR patterning (i) Thermal reflow (iii) Dry etch for MS
PR — Reflowed ('\
) PR
Do @ \“\
N ‘\ 9

(iv) Ag coating (v) Thermal dewetting (vi) Dry etch for SWS

Ag Ag NPs |. SWS on Ms
thin ﬁlm‘
(b) (©)

a2 7. (a) r@g = ii”"-_r‘?F_E =R uroag/ui AETZO| Mzt
. (b) AIEHE DI0|A2 7 2 (o) OJ0|=2/ Lk AETES| SEM AJELY



o) FERr} AL F7)0) £ 728 BELE ATE o 2olR
L, uhz 27| 2gAlo] oJgt Aolth” 94 F7]7} 4=
UerlE Yl fElEs ES0 AKX &, 493 718
== Tt =782 Alo| o] EHstehA jlo +F
B2 AR fEfaeo] 23 7158 Ale] FAHELS
2 o|Felt) o]F fElts EFES 71 flol W 715
Wgol & moFo s WMYET, felvsel /BT B9
o SYURTER LS o] 244 PPt At
(T™ eb).

F 2ol vola=HA= Qo F7tE Uet2E FA5}
= ATz T3 AtE XPH vl glow, o] - ulo]
A== AFay} Wat ohg} vietzo] o3t AHo
A2 Hlo] Hhats Haslhs AkE 98 4 Yok o)
27 oA AgE 2 T2 oA Lo WA T2E
E o Ao, I} 3@ EE(zeroth diffraction order)&
wkEa17] SIaIA] oF 200 nm oJste] %718 74Ajok atiL of
o) g5 FAR| AAS WAES 517] A 7120]
A e 7HHok she BAo] ik nlo] A2 P2 Yol
ZE AHAES FUsP EEIH Ho] ofd] el 1t
wPEE ] SAE 71 BaTele WA ol
o] ARHT, olg a2l 18 B 19l ol g T
LR LR L EEE SO
wlol Z2et 5lo] AR Bal) UL 34 thegin}
Fej= WPA|T o8 A7t vpaTR olgele] Uiz
£ FAAAHY 7).” ieT 20 7] D B2 F
Sujute) =7 Bl Axje) Lol et 2 FRsa] w
thepago] HES MET 4 U S4o| k. 7EEY
e} w5 doleks ML AA YeTaEm} thay,
SEZABO) WSS 0|8 HolNE FUsih Ea
A 7B FABL 15 Y|} Aliol Zg]
& 5 AR} A] S ARYSE HEE 30 o4fe]
FAEL 7Y FLASE EAE] wEe] 2 24 2L 5
§ Bajo] w728 27) 9 Gt AR Eolor &
o} FF|d $91 g W AE g
e 258 A-85taxt & 79, uhate] FAof whet 24

(a) (b)

180°

60°

Mg 71l MEE SEY EE et AR S (o) SY

ezt t2cks S B sty =, 428 nm o]}
o] uf$ gk =N e FEl7L S0 o &t
Zolw, 1 oo FAE 2= A5 weke s 2t o
B 7P Btk

SEERESEE L R L PAPS ERCE T ES
A2t vl mste] Fo1A RS 271 SRt Aol b

A=E Fof 28H Y3 A7A5 2 Ak F=-8A7F
§7] dizell olu|do] E7Fssltt 2920 2Xhg oA
+ 7 7H|ERE v iR =R 237} ofn|Ao]
7Fsh AlARE SRS B glo, Ruj7t o9 231 A 2s)
of k= glo|Elo] ul-e- B wizoll A3t &Ju|of A e
= 2ERE FEjE 27] ot 3, 22 SEAE 2P|
SO WG E Q|| 75 MR} W FRAALAE 7|
9ol Aok Aol 7hssliR e, olF &8st He Al
glof 2851317} 5= A=t F2of| o|FolFlTh A9 2
Zh5t 9] Floreano w2 7]& o|u]z] Alx| 9] A35of uf
o|3= = ofF|olE FAeIL, o|F 7IAIA Az B 1
2 w2 E2lgl § Z=AE 7|H(flexible printed
circuit board, FPCB) 9j¢f| 2130 24, 3]uldko 2 180
o] B2kg 7 2 QIS sk Wi, Fkgro R 9l
g ALS 288 4= gl7] wiizel SHo] 60=R AlgtE=
thgo] It

(a) Elastomeric

microlens array

g Combine,
plg” N 4 stretch

Q& Hemispherical
Stretchable Compound eye camera

PD/BD array

(b)
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a8 9. (a) A=Y TRIAXL H[E7 I%Z% 288 215 P 72t Mzt
A Y (b) Mzt Ftmiztel ofo|x|*
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Aol Rogers W4H-2 A=A (stretchable) HARA
A A&7 e e 2 7] &35t & 41544 34
Z7] ofglo] Y nfo|A2A=F AJ&ste] o] & HE 9 F2h
Sl Y87 71TES o8ste] Rig e R WA= A
oltha® 9).* APYATLE o2 JFHF oju|] AA<]
A= 2, A ov|A] AlA e At 24 9
oA R 7Hx] 7} arjARte] Stk AR, 160%= o1t
B2} o|u|E flshiAl o]u|R] AlA & viX] 7} ] FH
HiX] == Ro] ofu e} vkt ZAof] vix| =] ojof gt o=
M (very large deformation) oF7|517] W&o AA}
A 71A41A g do] vl a3t aEide] ok 4
2,7 &= 35 $I8iA mlo|a = =7} ofu]x] AlA|
9 Aol A Eojof gttt o] ¢ mlo| Az =] HAl=
7} &0 4~8-ZHacceptance angle)Z& J12{sfof 5, o]u] %]
Ax 9] BELe HPA] A== =1 ZH(interommatidial
angle) k= ZHA| A = ojof gt wHofF 4~8-70] Ew7t
ZhET AR A =HH ZF ZeollA] @oizl FE7Ee) 7ol w
AJate] gAro] s8R A Hrhimage blurring effect). 4=
g7re 285l JAIML A TEN B 2EA, of

H

u|d gAo) 27] & 2FsfoF 5k, Tt 24& 25
SsiAE A= 7t 72 9 wipre] FE0d 5 wefsior

[e]
Sick A, thAd A GAE mlol A= ofgole] 28
NI7go] MAEA) S sk 7} a7k o] 913 ok
ol=RU= S| WY FAS A 715 iHFo2A
Axe] TBNHE GAHES FHT S Uk WA, A%
3 o] 2 2AAE B Solot W e 4 g BE

1=
B

7+ B a5} o5 fleiA F2M MAaE k= gF
a5 Akt 7 =9 o e F& T ©]
T2 Afojatelof] 719 P3O0 2 A QlF B A
AT 4 AUtk EZL EFY ofEof| A HiAtE= |
Apkst7| 918l 24 I A A e @ EHTh

Q7R 2Zo] HST FIHEE E 5 U 2l 25
o] HigtE= Aldo] ofHA] Hes] Eld W2 glod, &
HA 29| 45 59l o= A= /5 o ok v
Aol A Q1 e AAA Hee G2 E FElekH
Al Ao 2 o=, S8 G2 334 F2(ray tracing)
W of| o5} Lozl meElly ATet: uf-e A7} 249
AAE 7HlEt AHo| ofd SHORE o|F 3t oJu|R &
I glo] ol 5= glom, EAI7} ol 3ol A A=
BE 4= Q= 22 A% (depth of field)E 7HS FRI 4=
At ATkt ol W2 bt 22 A= A= FEAG
o|u]z] AlA 9] oF glo] B 4= 7] wiZe] YA &
S E o] S 7HKITh ¥, e SHoM=Td A
Z A 2"of H]slA HojA|=t, 1 o= ZF &0l utel2
EA=E 2P| tflzolth o|F S5 S8l B
A9 o] Tt WHE oA dojRl G E = Al
Al(compressed sensing) &5 ALl =S =
ol Q7S AT 2, 7 Eie0] 4822 A9l
2 9910 94 @ Y, AP EEoR Solor An
7t A& FHE7] wizol 2F g/dollAle blurring &3kt
HASIANE, Y QA AEE B85t AzAE 3
SHH Bt =2 s o] A4S B2 4= Yo E 10). A+

B

I gy
oflt [r

|

o B~ rlo 42
il

Image from
photosensors

250

photosensors

No DSP . 150
100
Wile
0
8x8 array .
with A¢$=1.5° 8x8 pixels
Image from Image from

recovery

8x8 array
with Agp=1.5°
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