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Development of fabrication technique of nanosamples for the experimental demonstration of

holography with extended arc reference (ARC HERALDO).
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Abstract

Visualizing living cells with high spatial resolution is
highly demanded for the biology and life science.
Although the
observed with high spatial resolution by using XFEL,

freezed-biological molecules were
there has not been reported about the success of
visualizing living cell in water window region. Recently,
the holographic imaging technique with arc reference
called ARC HERALDO was demonstrated with 532nm
wavelength [1]. Our goal is to experimentally
demonstrate the holographic imaging approach called
ARC-HEALDO in water window region by high order
harmonics and to achieve the visualization of living
cells with the wavelength resolution. In this report, as a
first step, to demonstrate the 200nm resolution, we
developed the fabrication technique of nanosamples
with  200nm-sized pattern and 500nm-sized arc

extended reference.

1. L ®IZ

ab—L Y NTHhOEMBER X BOLRORREIC
LV, ZDA A=V THIMZERDBEE > TV D,
FrIZ, KO LT 28K X BRI CIE, 4Ky
T OEAEDRFEDHR X FRAEWIL L, — 7 THERS)
T-DKDKFERS DR X A BmET HIEERH D
720, RS FORBYLICHE L TV DI ER &5

TS, REND R Q- OS2 2B L, A3,
JEURIAS B D S5 O Fi B 25 D 3 L OB 0O %8 8 3 1
FFCE D, [2]

Z 2T, 2.3nm~4. dnm O EIRE TR X BT,
Mk A Y » hERHWFRa 777 4 v 7 a4
A — 74l (ARC HERALDO) Z W T, R EA—
K — Do fREE TAMR T ORI Z2 FBL 5 2 &
ZREROBELEL LT0D,

AWFICILE D —H L L CTALE T, ARCHERALDO
DY alb—rvaré, FHiiHO 200nm g Y7
IVOVERZIT 5 T2,

2. ARC-HERALDO

A ER

I, Aa 777 4y JEHA A=V IROIE
LW R 2 01T, XFEL S0k s i e 2 VG,
T A= RAY A XOY T OB L
Teo FRZZDOHRTHEEA SN A A =2 T HANIE,
Fienup 23FA3& L 7=, Holography with extended
linear

reference by autocorrelation

differential operation (HERALDO) & FEITHL 5 FitE
KT NIV AXATHDH3], BHROSEAY v M
FREE & [ —FHEICRE L, 557 ®RE S A
RN Z — B EG 2 FEET 56D TH
Do

HERALDO ORI, FHHEOKS S &, ROt &E



DD TR TR NI Eidh D, Bl zIE, fEk
D X %?IEH’E% A= U T TIL, Ko T ARG %
LT D0 K LEHRBLET, ZOfRRAET 55
%@ﬁ%é,yk@ﬁﬁﬁﬁﬂ%@?%okML
Fio, 2RV v NEHWTAEEHRZ S EH 5 R
0y 7 4y A A=V 7T, BV UK
— VDB AY v M ERAWTWZA, SfREENE v
R DOREERZDAY v hZEET 5 HEIC
KT HZ ENMETH-T-, LLEOREIZK L
HERALDO 1%, E#EAY » b HROM AR A F el
Pridifg 27—V B E Wy o 2 FIOFE TH
WETEDLH, SPRERG T HZL2EBIL, %
7B AY v MEXREEIIKAE T, e s

R— VNG ERRIZ IR o T2 2, DHRRZ M LW,

’\ﬁié’*"O)%ﬂ:%?fﬂzé EMWTET,

L2, HERALDO IZIZZyfiEREASIELRRA U 7 b DI
SO S _@zﬁbfbi 5LnHZrl, AUy R
fF& O 7V ORERICHIETE A & 9 R
WD, £l-—H7T, X#EHA A= 7 O
[EHE T LY RABFFOFHRERER 0D &y 5[]
B, Bl I LB RS2 B HIUE LgT
b Elizbholz,

YL E oM % 3 % 72 Lan 1%, PR DS
2y FEHWTAHAR T Z 7 4y ZEETA A—T
YRR L], BTN — 20 b BIEER A
2O n B A THBET L, 1EERDO TR E
A% HERALDO & [FIfOFE 21T, 2 BEBEE I
1 Befl B HURS U7c g A H S & L, (AHIEE
TN ZN%FTH, HERALDO D Z Y » kDT ¥
X DR DHIE, ATV T Y XL T 1 BERE

WZHN D, LrL, 1RO e R TH< *
ThH 2 BMEH ONFREIE T LT Y X A O SGA:
ERETLHHOTITRbNWDT2D, AU v hOFLS
Do fRRe A b3 5 Z L fAEIET VT

2 & 0 EHFIRA E CONMRIER T 5, 72,
2w b EMIMRICT S 2 & T, ST APEEE L
THRUHATHMET S L 2ER L, 2L T,
FRT — 2 I OAFEEIE 7 L T X L O RS
Z BRI AR D Tl ETDHZENT
&, FHREM ORI M LA TR S,

B) H#mEIvIal—vav

| .i

Fig.1 72 AAEE & & PR A U > N A5:Effr <%

—

TV g DIz

WikY(0), 2N EXQD LI ITEFRKL,
fG,y)=0(x,y) +7r(x,y) (D
EHIZBT DR 2 — 0%, 7— U =B HOBIR
(oD, ZOMESAMIFuv)PEifi7—Y =

B 5 L,

FHIFwv)?} = fOf = 0®0 + @1 + 0®r +r®0  (2)

Ehd, 7270, o®r= [o(x)r*(x' —x)dx' &7
o I, O OERNOMEAXDIERZFTHTZD

1nf( %179, ARC-HERALDO <Ti%, MilkDZ
AV > MMCA O TREBEEST MY 21T 9,

5% intensity level
o bs
i o

100
o7

15,
I Hos

w
o5
o

0
o

)
) -
a s
@ i

10 150 20 20 A0 B A0 4D




Fig.2 feufi 7 — VU o5k Omitg A5 Sdt

_ 0 - AR FEFE T ] — O O
L=g5 &L, ShFBAEMATL=x-—y - &

BIEL, a2/ T A ETIZZ oWy HERZTTY . K
(2)Z IR D A Y~ &R LTy L 25H4
HELUTOXEHIcEREND,

LF U F)=Lo®o+r®r)+L{r®o)+L(o®r)

or dr
=L(o®0+r®r}+(xa—y e

)@0-13 8 ) - 5. 8ol

dr or or ar
+0®(x3—y —)’a)—[(m)@a—y —(yo)ﬁja]

=Llo®o+r®r)+ ¥, [o"(xi—xyi—-y) +olx—x,y—y)]
iZ12

~l5y®00)- 3; ® (y0)] ~ [(x0) ® 3; ~0o)e g;]

@)

Yi=12 AT 2 LIRS DOIER 0*D 4 SO
ERGTED, 2O TRk 2THOFBIZ LY v
AT L) AZXNRFESTLEIN, HSETHIOY)
KIEDIEHR 0*D 4 SOBGEAFAERE T LT Y X
LADORRGMIT B2, MEIZITZR B R0, B
ZOTNTY XLOREEE, BHOMIRIZE
AR OB 2 B GHEE L2 T E7e 6720,
ARC-HERALDO TlE, HEBRT —# 726 5 L7z
%> B ARD T H GV RS E 2 R E T X
DIRICRERAY » "B D, B L7t 5
BRI 5% DIEHARE H L, M0 LEHEOFEZERM
DI RGCHFA L2 #0 IR LR O 77—V
TR T, [ET Y — 2 OiEEEFIH L,

esuts
' 1
08 o o
150 i
b e 106
o5 f05
04 0.4
s 3
a0 1
e =0 5
50 a0 %0 40 &0 M M M X I E A0 D

Fig.3 AL fH [ 7 /v = U X A& /£ :100step
£:200step

NAREIE T LT Y XN EIT 72, Fig3 DL 91T,
MV UEHH % 100step, 200step Z 47TV, HAZMEif:
2G5 Z N TE T, BAREBITHRD TV S
HAEHEETEHZ LITL Y, @E 1000step LA ED
MR UFHENLER L A, KT LT X AT
BEOBY IR LR CHMEE CE o, £/, W
A Rls S, RO ZITV, [ FRPE 4 fif
ZTCNWD T EEHER LT,

3. VT ER
3.1 ZEBRoF#

Membrane film—"
(Si;N,, 100 nm) :

Window—— v

! 5

Fig.4 Default sample;
Si: size (5mmx5mm), thickness (200nm) ;

SisN4: size (500pmx500pm), thickness (100nm);



Object pattern
200nm

Au/ Ti film

Fig.5 The side view of the nanosample
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Resist: ZEP520A;
Spinner: 500 rpm 5sec, 6000 rpm 40 sec;
Baking: 180°C;
[ 870 nm (ZFXAE,



#5¢ (EB lithography)

V_acc :100 keV; 1_p:100 pA;

Scan area : 600 um, Dot number: 60000 dots;
Hig

Development: ZEP-RD ;

Rinse: IPA;

Dry: N2 gas;
BIERAE

Base pressure: <5X10% Pa

Film thickness: Ti (5 nm) /Au (100 nm);

Ti Deposition rate : 0.1-0.2 A/sec at beam current

of 15-25 mA, Pressure : < 3X 105 Pa;

Au : Deposition rate : 0.8-1.5 A/sec at beam

current of 20-30mA, Pressure : 1 X104 Pa;
Lift-Off

Remover : ZDMAC (Zeon Cop.);

Rinse : TPA.

Dry :N2 gas dry.
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Fig.5 Fabricated nanosample consisted of the
extended arc reference on the 500nm width and
the character 200 pattern on the 200nm width.

Fig.5 1%, SEM TH.7=HV > 7NV OEBETH S,

BWVEHSIT AU OF v v 7 TH Y, SisNa 28 H.%2 T
WHIRRETH 5, BN — LIS OSHTIL Au 23
AESHhTnD,

10.0kV 8.0mm x35.0k SE(M) "“ 1.00um
Fig.6 Enlarged view of the reference slit

The edge of the slit is sharply fabricated.
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