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ABSTRACT

High contrast subwavelength grating (HCGs) have many unique properties, such
as low loss, high reflectivity, bandwidth adjustable, simple structure as well as phase
matching and strong focusing ability. They can be fabricated with the micro/nano
manufacturing technology and they have broad application prospects in the field of
quantum optics.

In this paper, we first propose a novel scheme of a concave grating reflector as
an optical dipole trap for trapping atoms. A reflector of one-dimension flat grating
structure designed shows high reflectivity and wide wavelength-tuning bandwidth.
Then it is extended to two-dimension grating structure, in addition to having the
above optical features, the structure exhibits great focusing ability. Especially, the
light intensity at the focal point is about 100 times higher than that of the incident
light. As a result, such strong focusing optical field reflected from the curved grating
structure can be enough to provide the deep potential to trap cold atoms. We discuss
the feasibility on the 2D concave grating structure as an optical dipole trap from the
following aspects: (1) Van der Waals potential to the surface has a low effect on
trapped neutral atoms. (2) The maximum trapping potential 1.14 mK for cold ®’Rb
atoms, which is high enough to trap cold atoms from a standard Rb magneto-optical
trap with a temperature of 120uK, and the maximum photon scattering rate of Rb
atoms in the optical trap is lower than 1/s. (3) Microtrap array on a dielectric chip that
can manipulate and control cold molecules and microscopy particles.

Next, we propose an optical cavity composed of two identical high-contrast
subwavelength flat grating structures. And we simulate the distribution of the optical
field with finite element software and the result shows that when a beam of light of
the incident wavelength of 1064nm enters the bottom of the cavity, a coherent
standing wave field will be formed in the cavity, if a molecule enters the standing

wave field, it will suffer from an optical dipole force and its trajectory will be changed,



therefore the optical field can be used for molecular deposition Then we use the
monte carlo method to simulate molecular deposition and the result shows that most
of the molecules are deposited in the region of the largest light intensity, and the

pattern of molecular deposition is nearly the same as the distribution of optical field.

Keywords: Subwavelength structures, high-contrast gratings, beam focusing,
laser trapping, molecular deposition
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VEAR A b B B L R ST T R RE LR N SRR A G 25 5 e A T
M FH Pk A G2 PT DAR A 5 R 36t 51 S SE AR ME I A S Ml . 78 I
1-7 R 72l 1 [42]. AniRAREARH EUE H G5 S 800 A 5
M, X G R T A 2 P o AR A5 o ) EE
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K1-7  SEILIRGE I ARG G R 2 5 (a) d7 4% EEATB I B < 52 B K (b)
50 BRI K ok &R
Fig. 1-7 Reflection coefficient of the guide-mode resonance mirror.(a)The
relationship of the reflectivity to the fill factor and wavelength.(b)The relationship of

the reflectivity to the thicknesses and wavelength.

TEGn R TATAR B, BT WA 10 B8 R v TR B A PRI AL H e
Rl 5 e R AR AR PO 45 2R o Hede R ROV T VA 2 — R I A IR %2 731k
(FDTD) . X T 5 9238 H i Y 303 K ' M 4 1 o 9 ELAE A UL i
REND TG R T 2 e B A AE MR SR AL 3 LA S Al A 1 1 o 7 SRR, sy PR 22 70
TR, AT 7> LRI B —Je il B DS R 8 AR5
ST [0 11, 43 R R T30 £ T o o K 98 ol A 30 2 () RIS i) () 25 K Tk /s 175 AT AT
CASHL B vy 3 HOREAEL, R [R50 1 HROS [a) . fERERUE AR, BB A
ANIEHIPRR AR IR R BT 1), S8 JE NIX ST ba I AR 2 se i 5 ke, #5401
K, B2 ek BiZ R e I AR E, AR XA SR t+0.5 At I
Wiss, BB RHORINHIA 25K IBAE to+ At ALY . BRI, IR
T /2 S R Pt RS S 2 A gt P DA TRT St A ) PR 7 BB IS TR PR A% 3 o TP Ao
JHERE T CLTHS OGN 45 8 B K S E 7, thRERS i fR e B mT DLAEAE R B %
2y AL S e
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123  eHhgitAEE

i C NS BT A B S R P R TR 1S R AN 6 R AU T
PN R TR R O ) I S an AT BT O o R RS R S IR AN AT AR IE A Rk
TR —E S HOEE N RS 2R3 T BAE R 2 Bkt Sk iR 2 e s R .
FERZHIGIT, VIS Ak g, R i BT 7T 450 B BARS ORI € bl 25
R EIEAR o B D i () ¥ AT A7 B B e T Ot R A 3RS, el B 0 7 vk
Fe K WA CM ) S H LA — 7€ EE B R B /), D) P45 380 1) B Dl i th ERE
PREAE /A FE RS, R 2-4 R LB A HIX M IIae. B9 SR ZRo6
HIAY K 6.5 fEiN, TS 2 B S IRZ LR ARE AR F ), R i Ar &k
AT AR[43]

Reflectivi

{ §| = mirror centered at 1.55um
044 " ----- mirror centered at 10pm
(dimensions multiplied by 6.5)

10 12 14 16 18 20 22
Wavelength (um)
FEI1-8 &R B 0 I id vt SR P A A [R) S 25 # ) B i

Fig. 1-8 Simulation of the reflectivity of two different grating structure with RCWA.

XA TR 32 2 )R PR i SR AR AT BRI AR AL, R B
BRI R EIELIN . BRIZ A, KR ETT REE WA T4 € N, Eetn, M
RS RBOCHEAL AR TGS S i . XAt A A BEH BRI P i 75 56,
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ANE TN SO AT BT 407, [R]IN EE ARG Y R A S5

IR, MBI B R PR X A R e R . ik, AU SCE R
T ENE P AT IR Bt . A ISR RE, AR B AT ARG N o
SR B R R AT BT SR DG M) o 5, RS P RE 2 R B R SR SR A
Herb PSSkl BT R P R A SR AL TR E AL R [44-45] .

Tibuleac F1 Magnusson 15 11 F 8 4% 52 FE P A2 5 W B — 4 B B0 KA — 2L 47
SERAL IR, AREMAN RS RI SB . B A G BRI AR, R
G TR R T KD S B A E R 0 BT V5, A 208 SOR:

1/n
MF = [%ZQL w; |DEga; — DEref,iln] (1.6)

R, DEgy ERE S LW AR I | RIS R DEyey &
FEAHUR AP R, M RS RO 5 MR 0 B IR
e, S B R T S Y OPTA R, 4 A R R
P it[44].

BT B (LT ARt I USSR A SR LB, 2T
B SR B R, BMEEE AR (FE), XU,

FF = [2 351 Receirea ™ = Raesign®]| @7

AR, MR BHGA IR L U SRR, TR
SR — A BT h, WA EN NS . ST
R, WA AR . ERAERINEL, R & AR
FF (8445 T e P 0 P (8 DI P s LA -6
PR ff. 23— BT OB, 754 AR R T A O A B A
i, TS S T B R ([45].

A B SRR A — M A R R PR R A
SRR O 4R 3T AR, S e b
S8 1R B2 A 0 AT PR S S8 7 G AR 0. 1
TS 9 i SR B, TR B b5 5
R,

_11_



2016 J il HF 7E A A8 S B WK AS ) 1 B T > TR DG INZE BRI 7T

1.3 WiR K S tag N A
131 EETRENEHRS R

Be S G AR R U I O AR, BRI B ok R R, sk S
PSSt 8, IR AR DL T A . BB RO B A R S I SRR, (R
F T4 a8 P SRR SRS, R 23 1) 4 S S S 25 1 S AR AR AE R I 99% . X 86 f S
s ANBE R T AR B & . S A AT RIS S (DBR) H1 2 R/ AW o 58 5 4 B
Hyri 5 R, e 2 B T3RRGO 1, e RO 8. 28
M, T ERAEHMA 2 ] IR EON L BN, SAEAE—X) DBR H3k15
SR, AR5 E 2 Pk

£ 2004 47, ML A o0 L BE M 3 — A 5 P SR A'E A9 3 T 9 A0 e S S
Bi[43]. ERXAEE T, H SifE S TEBEL, air #1 SIO ME N IRTEHOM R, 24
JE¥s Si S ABUELL LR AT MG o TR R A I 0 TR IR S R 22 Sk X
Fob 75 00 42 S S A 5 ) R AT RV TH SR [37, 46]. Ik IX W 5V K T
B, AFB T — AN RAT(AN/A ~ 35%) 5 R F(>99%) i o [F4E, il S I E A
T SilSiO, R A bL B Mt e Be i R 15 58 M) = S S 1 (1.12-1.62um ).

e E RO TM RdiRise (3% a8 BT O6M & 0 1D
i TE fflkiz CRIZTT RSFAT TOOM R I7 17D A RBRA S E[47], S %AH
T 40 T GaAs/AIAs 73 Aii A bk [ 5 8% o 75 B 1-9(a) A (b) 43 3l JE 7~ T TM-HCG
M TE-HCG PIFh &5k o X P MR By 850nm, 2 i B ) Alg 6Gag aAs
CRFREOMED et o< (IIR BB G Frid [48]. % T TM-HCG,
S ZHCN: I (AD =380nm, [E]FE (a) =130nm, JEREE (t) =235nm. X T
TE-HCG, JH# (A) =620nm, [AjEE (a) =400nm, JEJE () =140nm. & T H
AlosGag sAsfair il I YEHE T LAE A SEATUS S B, LT A R e b b FE ARk At
HIZE /A0 A IXFER I ThRE, #l4n Sifair/SiO,, GaAs/Al,O3, GaN/air 1 ZnSe/CaF,
S B, FREON RS, AR R B
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| ////

K1-9 (a) TM-HCG #1 (b) TE-HCG 4% #4) J7 P &

H—> el
A a

(a)

Fig. 1-9 Schematic of (a)TM polarized HCG and (b) TE polarized HCG.

FH T A8 i A ik o 52 TM-HCG Al TE-HCG SO 6 itk i 1-10 Fow,
I3 SR CL SR E RN 21 60 JiE 2 37 o« B FP B B L 2 R 7 — AN T 1) f) S 26
(>99.5%) A FI R Hr, 53— AN M AR . X U8 W25 4 ) B S 1k R e 3 R A5
ARSI R [48] 03X — P TT AR 7 BEHEAT (e 1 (K 2 1 &, 451l
RSO .

1 1
0.8 0.8} -
2 z |
=08[; =0.6
8 | N S
504 : TE 304
0.2 0.2
8.7 0.8 0.9 1 8.7 0.8 0.9 1
Wavelength (um) Wavelength (um)
() (b)

K{1-10 (a) TE-HCG FI(b)TM-HCG 1E x J7n] (HEtaseek) Ay Jia (AL
T L3 SR A O
Fig. 1-10  Reflectivity spectra with E-field along x(solid blue) and y(dashed red)
directions for (a)TM-HCG and (b) TE-HCG.

_13_



2016 Ji i+ 72 2 24 A ig e LT T KORHI S B S5 T 50 T 2R T DN AR () BRI 7T

I T 7 SR X R S P P B R AT AR o A R A e L A
G GEATIUTHT,  NIRR~P T T2 N G5 440 J5 2 S BEOR SF TT PA AR AIR U
X LRI AN ) (V033 85 7 S5 40 P A 3% (FE 2 7 ) 1) I ELLE et i T o 11 Ak
(PS5 RE R 00 X SEVEHR I AN BEAN-T- [ BAE G T o 1 A8 X,
HAR VLA R O . BRIk, SO L 3] 100%. (EAERENE, T
[FRE R DK, TE-HCG 5 HI L TM-HCG S i#[49], X 3= 22 KA & 45 1
(g S 2R B O, R 3 AT Pk 152 U AR A DL S R R 3 1 2 ) L el
A LAEAT THEAS[50] -

R LU RE S 55— A T8 B R AR AN T A TR BT AT DA 43 K Y
BRSSO e DL — N E SRS IR FFEHAM S HOAAE, R EHT O R oA
K, Htaz CATRIRE () LA 4 YA KT Bl [43] . TR VR 2 AR T S et —FE
fhy, B DART A X — e O 5K (R AR ] 55 SRR A5 44 (R A R EAT A A
132 E|ETREMNS Q Ei&ik:

1 :
© RCWA
Fano fitting

08 :
£ 08¢
=
o
-
= 0.

g
02-

1055 15501 15502 15503 1.5504 1.5505
Wavelength {(pm)

FI1-11 A& G A THEAS ) HCG SR LA Y Fano L8R A :U 2k
ZUSSESE S
Fig. 1-11  Reflectivity spectrum of HCG with RCWA shown and the fitted

Fano-resonance line shap.
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10 e A 1 1) 45 4 2 Bt AT LIRS iEx B R R S AL T AR A S o
B Q IR, I eH AT 53 CTALYE z D7 RE R A% . fEIX B
T 1550nm BB A% o JGHIER T B SR B R AlosGagaAs, T
B3 h n=3.0789, ISR BHZ 2T, FT4T % n=1. B — 3 TE MRS A6t .
SEMSHONEIA (A =812nm, JEFE (O =625nm, 7L (n) =64%. BEt
MRS A 31 TE R AR o ) RCWA X6 T+ S S el 0 S S i dn ] 1-11 Fras (481 M
HR] UE H SO TE ZEANZ 2 — SR AR IR Z T, RO ZMN 0 403 1 1, R
SURNEE |5 =30 3PN S

PR FRILIRME Fano ik, 32 NS 55 b1 T P S8 4B 1)
i, Q HILIRIEIT MG S 645 2 Fano 3RS X [51]:

_ 13 (w-wp)?+t2(1/1)?-2rt(w-wo)(1/7)
N (w-wo)2+(1/7)?

R (1-8)

N, wo M T RHOHERAIIR A, r A OGRS RMEE S HCG R AR A
[ B8 IR ) 37 B A A S . 3R Q fE AT LAl A Q = wot#HATHHE
1-11 PR LR RIRYE A0 (1-8) UA [ Fano HlRiZe. F2IA Q EHE =
- 500000,
133 HAaRgHE

AT VR R AIHBE T B B O T BT3RS o (B A VR 2 S8
HIN R, 75 EOGRINGS RIS R« AE3X B4R B — MO E 4 EAT AR AT D9/
TR A St 4 o

Kl1-12 SERINIS HCG 451 J5i 2 K]
Fig. 1-12  Schematic of a HCG with oblique incident light.
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B 1-12 W VORISR A . 0 Ay PN ANSHHFIEA L,
ATBLHRFR A M. 0 F1 y 22BN A S y-z P AT x-z P 18] ()R A
XFTAFAE T 0 Ay, BT LLIE I A AR S el i 2 B N AT A AT 3R
TR SR o /N A NS B S 4 £ [52] H SR B AR R A e

1.01

1.005:

Reflectivity
=] =] [ =]
© O B 9 i
38 888§ .

o
0

1:4 1:5 1r.ﬁ 1:7 118 19
Wavalangth (um)
K1-13 TE (ki fs 20 M HO6HE, HSHOE Y (A) =665nm, & (O
=410nm, AL () =46%, AHF 0=3°F1 y=0°
Fig. 1-13  Reflectivity spectrum of HCG with grating period (A)=665nm,

thickness(t)=410nm, duty cycle(n)=46%, for0=3° Fl yw=0°TE-polarized light.

3 LK) 5 A A S R © ATy SREBEAT AR AN AR 1 e SO R T S
FN 3.6, MRIGEATRIFTH RN 1, NI 0=3° A1 y=0° 1) TE fhiffis, HOBMHS
BONEH (A =665nm, JEE (1) =410nm, H%5EE (1) =46%. F™HsHE4
EARAYAF B S SHERE aE 1-13 B o AT H T DU BID6 % 2 815855 (~500nm),
F AT (>99% ). ik T NG TE (i, 57T LUE R 5 41 1 S50 TM-HCG
LA 3 5 A3 o S 2ok

TR FAE NS Iy 1550nm B 53R 5O f I OR R, JRAT T N5
00 Ay BEATER, RS THEOBM S A, Al 1-14 FToR[52] S
R, RIS 1 v %o L JBE b 540 A1 T LATE — AN S Y0 R 1 © 0y 1A 3R AT i S 3
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(>99.99%).

Kl1-14 NG+ Ky 1550nm B s 56 26 5 NS A 2 R )oK &
Fig. 1-14  Reflectivity of HCG for 1550nm TE-polarized light when 6 and v are

scanned.

14 BXHEERRAS

KRR SCE A T WP fmxt b e B S5 A B A o S I ™ i i
AN AT R Z2 73030 M A5 A 1 S SR 6 8 AT L 37 70 A HEAT T SRR, ARJE AR
RS RIEFSENSH, FRBERSMBIT.

B BEENR TR T 5, LR SO AR S5 B R A BT
BAUTHEMVTH T 5, B a b x — L8 EUBUH W0 B EAT 1 i 5/ 4

B R EO T AU RO E RO A R, R R XA SR T
SREEORINEE SR FH P8R8 5 v M N S R 22 70-V2 08 DMl 45 0 ) S S PR R
Yo A AT v AL, S5 RO IO BA AR H I R EERCR , MR R
Je3LF- 1G58 1 100 1% . $75 A IEAE FCH-Hr 8 A6 1 U 0 4 05 T EAT T B0+
WK AT

SF=m R T PN 58 2 (R T vt b M A O R — e
Pl R AT BRZ2 RS HOe I o AT AT 1B, 45 RO B 24 WS 11 i o 3 L
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25 R AR & 5 254 S e B A SR [N 2 R F
215|5

JCIREEAN LRGP I N T AR Te b, B0, SRS R R ZG AR BT
BRI S it 22 [53-541 A £ M < Jg % T B 4 AEDe=A e, SV SR T R BLER O
[55], FESEMOEIAA, IR T E M ) I 2 onT LAAE S A A i S A it
TR RAES6]. TN TIxE, SUERETI— BERAE R Z M TR
Fro SR, ey NEBCR I BUR et TS e & . BN As 570 8
#[57]. JTEER, Yo N ARE A TR, JEHRE X )
KM XA — AR EZARAE, RDIEL S SRR R
IARAL, R REDRFFIR S I SO o (BB B 0. B idshi, ] DUIE RS H i
TOCH I e AR, ARG (BEEIESE) MARALE M ZIR 1
2k, MDA R I R AEROR . et i B R DI ROGl &
Fe— el Si AR B S P G 45 # [58] - BifiJm A b A (1 T G Al
SERE I Bt ORHIE 7 L B AR M BB [59-64] o IEUWTR K BTN, —RERIR TAEAEII S
P2 B — A AN, 88 8)[65]. WA (BT SGt4:i
RENE A F s S 7 R AR 5 1 R B 6 I it R F 01 A2 08 KO DR AR NGRS S, ¥
TEERLT o AR B SR AR I K B 21 VO O R 6 S BT I RS AT A K
M INEERIERSE, BT OAR S T AR 2 N BB — SR RO 4 R R T e ME R T
o T RTE e A A R E N

X5, FAMH 7D E, @ Bt —AN9I0R s KOG
WL GE R P A R R ARG L AR SR o AEIRAN T, JATE SR T G
PR DT T AR E I S, RAUE B IR =4 FE IR
2 AL B S S AR RT R FR BB AT R I 38AT BR 22 VR0 BT B i
S B A B A AL, R R AR B 70, BB RATEL ®Rb &5 A1,
X HAE e T 2 B INEESS L INEETT LR AE MR T (a8 O 3 AT 5K
IIMTIZANTT GEHITTAT P o IS AT AL RS e 8 # A O RAT IR U ) SR AR AL
R, M H B ORIF AR S S R o BATT R R, Jett it fE £ midb
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) B i 5 4 A L T AR«
2.2 Rl S ER RN R R FROIT AR

Incident light Reflected light

Bl2-1  TM Dl 3 B NG B it b FE MR K ST G A Ji 2 P
Fig. 2-1 Schematic of a planar HCG structure at subwavelength scale under

TM-polarized illumination.

BRATE S Bt — LR A K M5 R 10y T AT S 8, T A 45 g 2 P AT
FREARL (B5) BIgE mIsERL G Mp, Wk 2-1 R, etz
TR T, JeMRIITERE t, 2 b f=UT DAROGHING EERE do SR ANGE R e 2 4
JREESZEM T 5K L fIpism. EEEKyLEH (A< T, XFOEHar
CAEAE— AT e ERBERKALEIFR@A > T), XFSetal UHE N — AN BAE
BT R SIN . SRTTAE LML o, DM e PR A T IR R IR AL,
CaRIH G R R [66-67]. R 2-2 (@) . RATHI ™A &
PIFAT AL T 6 R T=1pm, SEHEEE d=200nm BHEHEE S R %S
NI A AR % 06 t Z IRk &R FEEIR, ATLLE B LA R A5,
X T BH AP 1 R B A 2% 1 B P € I A PR A R A BRI U . BRI
G, S S S R AR M d RSN . O T IRASEE K R A R, AT TR
R EE DGR, S GGt TR A A AE AR T, X RERT BART IR
JGHIZE S [68] .
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HEET S & 0200 T
(@) 29 —
E 184 /4
5 1.6 '
on
B 1.
5 f ‘
= 14 ‘
= .
1.2 ———
200 400 600 800
Si-bar width, t / nm
(b) 0 02 04 06 08 1.0

Wavelength / um

100 200 300 400 500

Si-bar thickness, d / nm

K2-2 PR R G BTt AR SR B R B AL, () o Si 2R TEER)
VG E Y 0.05um 2 0.8um, FHKAFHIHTEE Y 1.2um 2] 2.0um; (b)) Holti
IS R B AT, Si 268 BRI E Y 0.05um 21 0.5um, K FE T
4 1.2um %] 2.0um
Fig. 2-2 (a) The reflectivity distributions calculated by RCWA methods for the Si-bar
width t from 0.05 pm to 0.8 um and wavelength from 1.2 um to 2.0 um.(b) The
reflectivity distributions for the Si-bar thickness d from 0.05 um to 0.5 um and

wavelength from 1.2 um to 2.0 um.

£ 2-2 (b) HEIR T4 A T=1um, t=250nm &, KO R2E5 4
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MR d SASBAK L IR R . WA DLBLR A 2] —> S T 1w S Xk,
I HAEIR S BTG N, S R L% 1.00 18] 2-3 FRAT LR RS
M 1.3um F) 1.6pm, BRI REBCEE T 90%, HXS M S HALE & 1A
iz (0 %) 27,

_ 1.0 120

15 K
= 0.8 L5 2
(@) =
© 1.0 &
£ o6 0 g
3 0.5
T 04]/ | 3
o / | | _ 00 &

12 14 16 18 20

Wavelength / pm

PI2-3  JeMHE# T=1 um, Si 2556 t=0.2 um FEFE d=0.25 um i 1 iH5E H G
55 R AORN AR A 1
Fig. 2-3 Reflection coefficient and phase for a strictly periodic Si grating with T=1

um, t=0.2 um and d=0.25 um.

L b T EAIL AT DA 4R 1 G SO B e ST R A
e AT AL X PR R AT ARE AR 2] 4R dh e as e g, H— PR EE B
SR, 2R BRSDOER R BTG . 0P G 25 R R
IR ZEL, A B ARG e — NI TE FF OR R EL  (R) BU 3 . AT IR
B BREEIRCR o T FRATTVL T B AN &S R i il T s & — M & e AR, A
FH 3R A O e S i PR 1, AR 2 S AT AR B ZROG RO RAOR o FRATTE T ) — 4
WA BOCH At & 2-4 Fros. Horb, G g U R H A R R A
X+ xZ+y?=2L (2-1)
A (22D 1, L RonfERE, RSO AR R R MR s 45 R SR AT LA BN
S NI R B AE R AL 12 T A 22 A 20N
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Ap(x) = p(x) — p(0) = =L (Jx> +y2 +x+ H — L) (2-2)

NAH N RSP, LREH, ne A BIITHR, H 2 NGB 215U 6
JEABHIEE R . MRIE AN (2-2) 1FAP(x) H4 R y ISR R &, nf&l 2-5 fros. MK
HAT DA NG A =1.55um, £EER L=10.5um I, SR SR 8 7R £ AR
A SARZEA ], SR e e fE R & R AT, I £ s b4
L

Kl2-4 4 mhS HE BE TR I B AR S S i B 45 4 TR PR ]
Fig. 2-4 Schematic of a 2D HCG focusing dielectric-ring reflector.

I T S35 B 1K 8 2 ) 534 T S oA 2 5 3y R A 70 i LR
ITRFD T — N PR ICRAE R AN B X IR M AT SR sa 5 2, N
T3 22 056 50 A5 o M X 7 TRt BRI, R Mk v AT LR i et
T

[V2 + n?k?]E,(y, z) = B?E;(y, ) (2-3)

2, E(y, 2) & I i, n R R, KRR, SRR
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(ol
0.5 L} L} L
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y / pm

Kl2-5 AEFE L=10.5um B 1K) S AR 2=
Fig. 2-5 Reflection phase-difference for focal length L=10.5 um.

rapped atoms

K2-6 4B EBFaip N AR 51 i B

Fig. 2-6 Schematic of a 2D strong optical focusing confinement for atoms.
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K2-7  HHFIE A 2L B, 78 (@) xy A1 (b) yz S ) —4E
Yy oA
Fig. 2-7 2D intensity distribution of the focused beam on the (a) xy and (b) yz plane

when plane waves illuminate from the curved Si-grating side.
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(b fim. B 2-8 (a) A (b) #alfEns 74 xy i (z=0) B (yz

I, x=0) ERDG R AL, X PE B E R T IX IR M A R B AR
SRISEAERE . TEAETI L, DU %Y 0.849um. B FEIIR A2,
FEFE AL G 5 LA LT AN SOGIG 5 1 100 245 o XA IR M &5 44 F) FH B St
TG BARRE SRR 0, R UIRBEINEER JE T, B T5 R T A .
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NSOV, AR WA'AVY.
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S8OF
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m  40f
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K2-8  (a) F (b) sral2E 2-7 () H1 (b) il x HiAl y flidk AT I EUE &
Fig. 2-8 Data simulation for Figure 2-7(a) and (b).
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suffering from along the y direction.
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Fig. 2-10  The scattering rate for ®’Rb in the optical trap when P=100mW and

®e=20um.
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Fig. 2-11  The van der Waals potential for an atom located in the focal point.
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Fig. 2-12  Schematic diagram of the microtrap array of the curved grating reflector.
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Fig. 3-1 Schematic diagram of a Si grating on a glass substrate.
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mirror;(b) the 1D intensity distribution at x=0.
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Fig. 3-6 The E? inside the standing-wave cavity for various a and delta.
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Fig. 3-7 The dependence of the maximum optical intensity on stripe numbers.
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Fig. 3-9 When (a) a small molecules or (b) a large number of molecules enter the
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normalized flux distribution of the deposited molecules in the x direction; (d) the

normalized flux distribution of the deposited molecules in the y direction.
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