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Fig. 1. Schematics of the two illumination conditions and
experimental system for investigating partially coherent
CDIPY: (a) Mlumination by planar and curved component
waves, respectively. Assuming an ideal perfect lens, both
have identical intensities and coherence lengths at the
sample plane. However, the illumination with a lens has an
additional phase curvature by the focal length of the lens;
(b) the experimental system being modeled and the coordin-

ate system used.
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r s [E) 35 20 A0 T A9 3518 . Abbey 45 164 1 F EL A1
ek oA 5 B S X S ERAE A OGTR, A AT
FEZ IR EE S (PolyCDI), 1E5LE 528
TSI CDLL
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3 W= AT K CDI E4 &%
3.1 MHFKEEMWIASZEEFER

£ 2007 41 2008 4F, Williams 25 61 FI Whi-
tehead %5 65 73 1| N BRI FISC GBItk T #8435 1]
AHTERRBH XS CDI =44 it HAT S 2 A 52 1
Ja, FAE RS A A BB = AR T
B, I H22uE DAL B A T, A se el
B CDI ARG . 2009 4F Flewett 25 66 47
P MOI #4325 [l A T HEISHE LR T 1 AT LA
PR H B BH S B AH 45 bR B LA B 251 o LL B
F 5 . AT R B EA AU AN X-ray SE5 XTI
P AT TR, AT D v - R R AR
Fg g MOL, 1M SE5G 45 R R IA TR, B2
BLSTE BB G b B 5 BB & L HE K. Whitehead
A 1631 D0 NS b S TR 4 2 [ AE T 6 Y CDI
AL AR . A ATTEE T —Fh Z AR (multi-
modal algorithm), TER A LLEEES 70 AH 0 20 il
DB AT 2S AR TSR R IR T . %
A% TRE R [0

1) FE R AR 43 A R E 2wt I 1 1 7Y
TEOCT, M4 (19) AORAG T 20 A0 T 0 28 A i
J B 5

2) H (20) R P &4 2k a8 L5 Fr
TESR AT o R

3) 7 5L AR e el o0T B A AH TS I
FE I 290, BIARFE A B I 5 B A AN AR,
AL % 25 RS A IR T

4) 4P 7 RE B HE EE i KA 1 AN A I 2
ST 2 T AR A S - T

5) FEFE - T X 35545 21 5 8 it Jn S22 (]
A, A FRAEZ X IR .

Horbr, JLBR 4) th AT LUR AR 1 MBS, TR
5 B RIS, R AL S D i 21

[S<E=N

HEBE.

K 2(a) s i BREDGARAR T, R Bk 2
B HA A R B AR R AT RS FAn SR AT o8 fil
P 5E 423 (A T RO MR BE (BARER T ) HEAT EE A, 45
SRAAGRI, G0 2(b) Fias. N T T EE— 20
X EE, FHARAR T IR SE 56 R AT 525 pm 534k 4E
ASZED 5 um SRR i IR A A (AR . TE s A
THERS LT, MR 45 E — A R A AH T RS

B, BRI A5 RN 2(c) Fw, Tk
FHEARLRL FEA RO S5 R AN 2(d) P . X 2B45 2R
KU, SRR REAT SO HE =R A TR AR T R
LT B E AL T

Multi-modal propagation

Coherent propagation

Low coherence

High coherence

2 ARZS AR T OC R, SR I SCHR [63] 28151 (a) F
BBLEL TR (b) 23 ) TR ) ) e iR B S 5 T R S E) A Ok
TR BB B AR T B AR BN HER R BT, 2R SCHk [63]
LR (o) BRI (d) 200 FAL B9 ) e v 2 1% 8. 09

Fig. 2. Reconstruction of the magnitude of the wave leav-

ing the sample. At the low-spatial coherent illumination,
the reconstruction using the known coherence information
(a) and assuming perfect spatial coherence (b). In the high-
spatial coherent condition, reconstruction utilized the

known coherence information (c¢) and full-spatial coherence

assumption (d) 63,

X LEFER AT CDI FARART TR AT i 1
WOCRA YRR E, JRRHA o E e s B &
FEIRAGE . AT LU 425 (e AR A 5 A
FEA OB 3 107 B e B 1081 B 91,
SFE TR T 2D AALEM R T BRIE el
T TR AR R T B 4 B )
Tk A b g RO S o 167 2 e Y A4 775
%, T B AR, B ISR AR AR P A2 [a]
FHFPERS T35 BEARAT RO O 0RR 25 A Y 2R B0
2R FAE S (AR PR, T AR S AR 228K
i RBE SR/ WANE =R NP N L Ef i Y A 3 1 6
e ZARIN B B A AR TR, P SE
LI RN S 5 2N T2 T ASHDER, Xl
BR A 1 A2 5 As PR S g 05 0 . SRR 55
BHOT TR BEAE ABDEIER Y 550 nm 1Y
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LT, 32 330 nm B9 25 [ AH T 0L Fiif
B REE T VAN A2, AUEE T Y 1 A9 40l
1415 pm . K25 100 nm %8 . 20 nm IR A TS,
[MIRE B A B — 7870 G e e Ak Dy 3 T A B 0T
IR BB IGEAL, XFFIERL 1 1 FARALAEIR
BLTH . 303K 48 FE R 2 18] 1Y D' i 2 8] 14 5 (8] A 1
P 8 A8 AR S B S BT UL RE A I 6 2 S 170, A s
(i) D)2 A5 1 L 2 I i — Ao (P —4Ees% ™
Az ) TS ) B S AH T BE 8 SR F T 4B
0L, BEASTEHE I 2 A DU AEAR T PR (7.

3.2 MBFRERMHIBI=EEFIHER

TEFRAr 25 BT CDI BAR & R A I #R T B4
FTON St ARG A0 A0 AH TR RRE B TR o
AT PERFIEAE R e s s BAR A F A B . 2011 4F
Clark 1 Peelel™ i} T —FpARTE 2 M T
SR, 2R RS (R EAS A T B IR IR AL
1o PR R 2 [ AR 4. 2 A A AR TR 40 S A
AL ARG I 4% - T HE A7 588 B2 BR ) (modulus cons-
traint) B, SR I 8 09 A7 5 URE SR R BT A7 AN
AHT B PR IE AR R A AN AE; T 7E Clark (1977
T AR T 4 £ S i B N R o — R H
AHAT RS S N5 BIRE - T, 2 SRS A ik
AR T sRBUE AR B OR RN, AT
FAPRM . DIAERY D5 R BB T 21K, Clark
S5 1T AE 2012 4F SR T — R [ I T ) IR
WG TR A = e IR B AR, 48 HH ik
F14) AR, EEL I8 360 T B AH T R BOR AT S PR £ A AN [
AR | T D 5E 2k S0 i) B K AR B, 5 &5
i) mf UL B R B 1% 38 F T4 Rk 8X DI,
G R AR SFHOEIR . A BB FEOG . B R —
A%, W& T ptychography. iR ik BIRA
FREEHTIN A IR IR A 25 (R AH TR, HE W ED
FIER AT TG B B2 Y BRAR RS . Floating mode J7
T PRI A AE AN TS T 5 53 AH T 6 B 55 o AR
BRI 0 T S AL R T S AR SRR TR B B, B
et JEIH S 2 i 5 e T 28 At 8 LD bt E A T A (781,

XT8R435 25 AT CDI, — 38 32 W 7 T 3%
P v U BT TSGR 3 HE 3, — D T el B A5
PR GEAAR A T REBA A2, o — Ty Tl it S 56
HE R IR G A7 108 D el S L s ) A T A
2014 4F, Parks %5 ) %t R4 T 340 96 FL AR5
WFFT LS A, A5 T i ) I3 3 e 4

P A S, S5 A8 52 2 B . 350 43 A 1 ) B33 o) o A [
1G5 £ A SCHEASUASONS 55 AR 7 AR A L B 1A AH
52 2R B 4T, RIS 4RI & 2 T A TP
TEWT, KA Clark £l Peele 76 $2 H 50 AH T
#5% (PC projection) ) f ki 4T B A IR 2 5T &
SRR 2Z; X TR 24 AR iR, SEER R E AR
T BRI Y 28 (Al A T R AR 2 b 75 1. G4 CDI
FIE 3 CDI X #4325 [B]AH 1 1) & Pk o A A
[d]. Hagemann A1 Salditt®0 (4 JF 5% 2& B AH X 1t
Y CD1, ¥ CDI X #4323 [l A 0% fR A 1y 4%
PET.

14311 CDI HgEXT R 32 BRGNS A S i A 7
A&, ptychography FTH 17X FhER I, AT LAY Y &
RURE SRR I e ol R IEREF B A, T
TRUEABAB4 X Sz (Al B — o I S, BRI
SR IAR A7 3 R A0 oy 25 ) 3 R ) s A AR
Burdet % B fl Cadenazzi &5 52 g9 ff 5% %K B pty-
chography MHEZ XTI AR KEEIITR/ES
PRl (overlap constraint) {fi HAHXT T{& 4819 CDI
LA XS (IR T e 1 B e, O BBk
2 FEBAYG BY A2 2% B B RE BR AR & B AR 7 Z2 AR
DL K AH @ 41 4 Xl 2z ] 9 52 28 3R 1 1S K 42 -
Ptychography 8 f14% 48 CDI — A Al L3 5o 3
D RN /o= i 155 ond ST 12 - R N
FaAE R B, O HL W) b e o5 P A AR 6 52 2% g i) 38
n, X AH P A R i B2 Ptychography J&
— PR, SRR MR TR E BT
WELAT S A A B AADAE i () SR IR M A5 2., X Il A5 A 4
AR IEER, BR T/ B m s BE AN A T G iR
ZHb, T A R AR AR A R A2 T
HYHR SN AR T PEREAIR, Ll AnE B SGIR [i] P 75 22
F e PR Ak T LB AR RS B P 26 ok e
YR, 25IL4: CDI, ptychography 78 AH B4 i
FErba] IR FH — SERMEE AL R BRI 3 A TP Y
sem . H il 2 R IR GRS (Mixed-
state decomposition) Bk, ZBILFTHFIH T pty-
chography %4 119 /55 TUAR B K A M IR 23 [a) 45 T4
T U G B IR AR I 4R 9

RABA (mixed states) 1Y 7= Az J BRGSOk
VAT DAEZE R = J7 1, WKl 3 s BRBASEAAAH
T (K 3(a)), BBEPIEMBSIRG (DGR
RS AR 4R (] 3(b)), LA Bk I #5 i) 55 37
(11 3(c)). HerPAG I 28 1) s ok B30 1R AH 1
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(a)

(b) gl .

(c)

B3 HU SR A B AT IR (a) f BRI ERET B RS 1) AR TR BRI SE S R R IR A (b) FEM IR G S
IR G S MYPGECP R B R, MRS HF IR E I (o) KD A8 09 s 9 HoE SR A5 (d) M T i, B T2 i
RS S B 43 A1 4 T DL RE ARG BT (d) A2 T R R AU i 3R B0 45 A1 ST ERE Al R 1493 1

Fig. 3. Decoherence in scattering experiments®3): (a) Mixed states within the probing radiation may include all sources of mixing
that manifest themselves as transverse partial coherence or finite bandwidth; (b) mixed states in the object of interest may occur
from quantum mixtures and fast stationary stochastic processes such as vibrations, switching or steady flows; (c) mixed states
caused by the detector point spread; (d) the signature of decoherence in far-field diffraction is a decrease in visibility of the

scattered intensity distribution. Here the right half of the simulated diffraction pattern shows the effect of sample vibration.

] L % H B B (Cowley’s reciprocity princi-
ple) B B AL Ry BBDG B PE, I AR GRS AT
DATRT A Ay R RAE it PRS- AL 3. 7E Xoray 117
SSEUG D, BR YRR 1R 2 Ah, BRI S B
o1t U PRI AL, JUHGZTE 3D XFEL g4
AR H 89, 3 SRR T I G R 23 AR T SR 4R 1A 5
ZRBCHy AT UL RE BCE AT B A BRI B, il 3(d) B
IR VRS A R B 1 P LU S8 TS A e ™
TSI SRR B BRI ARG S e 1R 22 1) BURR
T2 1k AR A BRI R A AR AH T, R
AT DL AR S 6 v R e 3 e (EIOM T 8 BRETOR
T R M R b, 38 AR A 00 25 P B8 DY SF ] 5 177 SR 2 Fsf
1) ) A W B2 il 2 SR R AR 512 562 A I T A
PEIEKR.

R G A0 i S AR B2 70 S0 4 IR I T
PRIBCRI A RS o3 ity 220 AN A T AR, R
AR o3 i — 7 T AT AR i iU R BT i R AR, )
— 7 T A] LA 3o H R 224 R SRR 2 SR A 1 b
THAE W IEDER AR T . WIS 7 i se i
TRAE—LL) SOV AR B 3l ) 2 R i 2L A i
i gl BEDLISAT I 20 | R i Bl | R PR AR A A
Thibault 1 Menzel® ZEABATHY SCFH IS UE T 5
g EB R AT SRS B 114 S A 1 R R S 0 I i 1 4

AR A BEAh, AT R PR G A A 7
&, Bk T YRS g IR L B 2R
AR, DR R — 2R Y BOAR A Y B AL 72
FEEAY 1853, FEAZ 0L i) AL o R b B I BRI AT Ry
LA RS, FEREST R 16 A BN AH T A
A, B 4(a) Fis, RontE SRS B Y % R
JE DR A LB SR HRIIE. 7EIX 16 MBS,
4 5P FEREE RIS A 4(b) B, BTFXIHR
PR, AR BRI SR R, T e
TR kVE ST IR AR T, AR T LAAT SE R X
AR SRR H, ERERE L/NTRER
RUZIAN A MR S B e T AT S B 2 . X%
AFAZE F DR T IE A AL AL R ) X s fg FEAH S
PARLr MY, AN 4(c) AN 4(d) irzs. Brfs 5
P AR B 23 5 BRI RN S R RS 5 e 1 — 3. R TG
PERGE, RGBS T EAE B eSS BBk
TR A ORI K AR AR it 1 ELEE g
WEA N .

TEBEC I [R] AR 4 Ja % 30 FIRE & A 1] R 5
T A AR AR T B4 ¥ AT LA (W] A 75 Bl R B HR 4
B2 . R 2R, Clark 45 B W T4 5 i
LA (') MEZEIHE TS R AR (fly-
scan ptychography). A FAESE ptychography,
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(a) _ (b)
i i i

_$_’_?_ e

_._._._ Bk

(c) 52.3% 44.7% (d) 54.0% 42.5%

008 OarO «

Bl 4 PR AR (a) ZEREAS I A S, KA
YK A B E, fE UG L7 1n/2 (. Gk
SRIRRUERNE, J= -1, AOKRERRREHME, =
+1; (b) kL PHMESE I 44 EEYIRBIA. HHAE A BEEE
TR ZE AL, 78 (b) rf W 60 21 (5 HE2) 3 AR RE B (c) R
R (d), RS IR IR S IR AR v A

Fig. 4. Imaging a simulated Ising model®. (a) In the

sample layout, grey squares mark individual spins, which
incur a +mn/2 phase shift on the illumination. Blue lines rep-
resent ferromagnetic couplings, J = -1, red lines antiferro-
magnetic ones, J = +1. (b) The four dominant modes after
subtraction of the mean. (c¢) and (d) The results of ortho-
gonalization of neighbouring spins, outlined by blue and red
frames in panel (b), for a ferromagnetic bond (c¢) and an an-
tiferromagnetic bond (d). The relative mode amplitudes are
in good agreement with expected values.

ri+vnAt

fly-scan ptychography HA i 1 8% 20 Al 4 R 48
S [RIBT AT, FE SRS ANWT 2 3, LR SR AT
SR BRI 27 SRy A A 00 e W' B[] B3 PN 22 T 737 S0
IR BN, a8 5(a)—(c) s, M TrpFsT 5
B, IXPRE A SHE Bl T U R AL SN T RE I
A AATPERIR AL, PR IR IR ET A TR A S
I RENS X PR A T BIG, IR A5 5
PRI, W 5(d)—(f) Pis. B3 TIRA
WA i E 9, fly-scan ptychography BEMS
TEAS W] AR AR 20 B3R (0 17 0T 00 35 b 4 4
PR AR (1], BAT SCH0 25 A O R SEAE AN IR S Ak o
HERIE LT, AT UG BT R Xoray ™S SEE6 244 T
Jr 5 1 R B 5[] 43 3 RE DS/ 40 2 DU RI-E 43 2 95
XA BERFEARONT 3 B AR PR 20K, T B A T
BT BhZSTNFEALSLS6 B89 A, Clark 25 90 3£ ]
SRR IR T AR AR R A ) G R] PR
AR RN, R RSN L RCHIRET 1 21
AR, I HIZ SRR 2 I AT LA 3o P AR it it fon i
Bk R LR AR T

HAT, TCiext T X HR RS, i H
T WA, TREUR AT WO RS B, #RTCIE TR R
HIIREH 2 52 A1, AN BE PRUE A IR R Bl SR 42

5 (a) f£58 ptychography WS A, RIS RS »; B L ASALE #F (RS, K0 &% A4 I 4R B G EAT B i) SR £ B (b) #

i AR BE o AT 1 2202 Fy I 58O SR AR, B oy (O B A AT RURE AR 2 oy ZE A I 25 B O I 1] T P RY o] T AL B R B0t 7 19
B 0T A B (c) R DL BE o R AT 34 220 Bl I B BOHE R AR AR S AT LUl g AL, B (o TR LB AL S n A /N R v A B
(d)—(f) FE AL AHALAY A 2528 (4230 1 mode AR B 58 AT RY L, 4330 5 modes A& {5 5 & 4340 1 T 4 B8 R £1 43 ity 5 A
SHREL): (d) AR R AU B A A A5 (o) B ARAR 4 08 (BVREBS BE 5 J2 400 nm) SR B9 A7 55 1R B i 5 340 B 245
AL, 33X LR I8 43 4 07 BT IO A7 ST L 1) 28 R ST ABURE it 1) 7 208 Bl BT, () B ARAR 7 A0 B CEVRE 5 IR S 02 700 nim) SR AR Y AT A IR
FE B N 5 HE R 1) 45 2 B0

Fig. 5. (a) Conventional ptychography uses data collected with discrete translations Tj[%]; (b) for a continuously scanned sample
with constant velocity v, the diffraction data will be made up of the positions that occupy a length |v| T around the scan positions
r; due to an integration time of Tl (c) the continuous scan can be discretized with steps separated by a small distance vA¢ 18;
(d)—(f) reconstructed object phase (1 mode assuming full coherence, left and 5 modes assuming partial coherence, right): (d) Recon-
struction for the original data®l; (e) reconstruction using new positions that consist of summing four adjacent positions (over
400 nm horizontally), approximating a continuously scanned samplel*?; (f) reconstruction for a larger (seven positions, 700 nm) level

of summing, which would be equivalent to an increased scanning speed(*¢.,

214201-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 21 (2021) 214201

TR R R L X ER S Y, Bl R AR AN A2 S
R AL R S . AR SRR TR A B i Bk Y
ptychography FL AR £z W T 5433 X
SRR JRAE AR U R = A2 R 2 AR, T
H EUV il &t O3 Fi - S Aos & rh s e 8l 1 2
IAVEH. Cao 55 P4 IF5E R W) o I L RE S oL TR 5
RS I RS I3 B — AR B A ST Y TE S, Hﬂﬁﬁﬂi
PREF S fif hoxst LT85 FE R PE A AE A AR, T
YIBTBAR T PERAIR. 1848 electron ptycho-
graphy 5 0405 1Y 22 FEPE A= TUA FE REWS N B AL
TR A TR R AL 7T 2 0915 B, K electron
ptychography FIER 570 45 5 BE 65 A7 R4 b = 1)
R A AE T R BUAREAE, TS AR R 0 R
(AU T4 A1 AN 2 [ AH 4544, Chen 85 91 3@ 3 K i
SLIGXF LT electron ptychography 7EAS ] H, 5]
SRR 20T 23 il it FH B o R A5 A8
BHEMZER, R R ARFRM P KT %
T IRA RS A T EEAENT TSR ptycho-

Mixed states

58000

Total electron dose/e-A~2

Scan step size/A

5.08

graphy 5 F4 55 0k B B S & FE v, Qi &l 6
N HPR ALK N 0.85 A, BFRIEAMKT
3300 e A2 Hf, SRR A A5E 0 M T S BRIV 43 18] 43 B
AR 0.9 A

IRABS R ERRITZ AR, AR ERE
FE S ECR G AT Z B8R TURE . B AT L
K H— RN IESRE A 5 WS b B b o pty-
chography (#4325 A T PE A THMZ, (54N
et P B g A T ) IR B O L, Al R 4 AH Tk
RIS, AXASCHR 3k 35 im0 oot S A 45 R A B
AYHE T, ST 20t 50 e U AR T R ™ i ) R
1. Gardner 55 07 F| TR A B S0 1 25 (6] 9E
A% ptychography. —J5 11, BUEHEAH KBS AT LA
I3 M BFAK ptychography X APk A K, 75—
J5 T, ptychography (1) Jay 58 H8 W 4 fef 15 4 49
1 B B DX 3 AT LA (] B R ECERT A BT e A2 AR
TR I 25 0 P RERR 1, DATIT REAEF T Al FC Bt A 15
XA it RUST FIAHA A 2% B 1) B A

Single states

Bl 6 (a)—(h) %2 WSy B 76 A [ B 5 4 45 ¢F (58000 A1 3300 e-A2) F ptychography B 45 H; (i)—(p) B2 ng S

FEAR A K (0.85 F15.08 A) T ptychography 44 ) 45
(£) Fl (m), (n) b A A 43 % 77 12 EE 4 1 445
(), (1) F1 () LA (m) F (n) 8977 5 AR 97

A (a), (b) M
() Ml (d), (g) FI

(1), G) o543 Af S 3 AR 2 ML T IIEE R (o),
(b), (k) A (1) LK (o) Al (p) 333 29 %F B2 T (a) Al (b), (e) Al

Fig. 6. Ptychographic reconstructions of a monolayer WS, sample in different illumination dose (58000 and 3300 e-A 2, (a)—(h)) and
different scan step size (0.85 and 5.08 A, (i)—(p)) conditions®: Mixed reconstructions from datasets using three ((a), (b)) and two

((1), (j)) probe modes, respectively; ((e), (f)) and ((m), (n)) single mode reconstructions; ((c), (d)), ((g), (h)), ((k), (1)) and ((o), (p))
corresponding diffractograms of ((a), (b)), ((e), (f)), ((i), (j)) and ((m), (n)).
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4 HHmEMETOLEM T &

1t CDI S AR rh ) BR TR IR R A
— 23 (AR Z A1, AT A R LT ] A e 2 B —
(Y, B PR BH ' i e 4 2 ik — 1Y AR IS BRI B
DGR RE B B A RRE S5 N R AL S BOC A A —E
AT W, SR iR B AT SR IR L2 1 22 0
R IS 7 A S B P A o 3 P e Al
W L REAA B8 NG B, (HR X R 23 K
R BE FRAROEIR . CDI H AR B SE gt i 23 (8] 43 B3 A0
A B E AR OGS Sy T4 v s 1) o, D)
o SR A B OGN R) B B2 2 BB B AR XG4y
LA L. SR H v s () PR B SR R R
FIT S35 B 20 T (22 FEIR RO G2E AR (Achro-
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Fig. 7. (a) Comparison of the quasi-monochromatic (upper right) and broadband (lower left) data 4. (b)—(e) Reconstructed amp-

litude of the sample (all reconstructions presented here use known spatial coherence information): (b) Reconstruction from quasi-

chromatic data, collected with 500 x 5 s exposures, assuming full temporal coherence [; (c) reconstruction from polychromatic

data, collected with 500 x 50 ms exposures, assuming full temporal coherence [4; (d) reconstruction from polychromatic data as-

suming full temporal coherence but using the exact dimensions of the object (obtained from panel (b)) as the initial support [04;

(e) reconstruction from polychromatic data using an identical procedure to panel (b) and (c) but using the polychromatic diffrac-

tion algorithm (PolyCDI) [64.
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Fig. 8. Principle of the numerical monochromatization!!%)

. Conventional CDI assumes a monochromatic source. In the case of an at-

tosecond broadband source, the diffraction pattern is the incoherent, spectrally weighted sum of the monochromatic diffraction pat-
terns corresponding to all wavelengths presents in the sources. These monochromatic patterns are identical except for a geometric
scaling. In the presented method this scaling is numerically inverted, and the scaling matrix is denoted by matrix C. The monochro-
matization method consists in the inversion of the matrix-vector problem b = Cm in order to retrieve the monochromatic diffrac-
tion pattern m from the broadband measurement b (The lower right part of the figure shows the simplified case for 1D diffraction
pattern). Then m can be directly put into the conventional phase retrieval algorithm. ¢ is the index that corresponds to the spec-

tral discretization.
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Table 1.  Comparison of different methods of partially temporal-coherent CDI.
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Multiwavelength CDI'00] Yes Discrete Several harmonics (35 £ 1) (165 + 5) nm
Two-step CDI0Y Yes Discrete Several harmonics 810 1 pum
PolyCDI% Yes Continuous 11% 0.888 (150 £ 5) nm
Numerical monochromatization!'"! Yes Continuous >10% 710 2.5 pm
Two-pulse imaging!!'3 No Continuous No limitation 47 6.7 pm
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Abstract

Coherent diffraction imaging (CDI), a type of lensless imaging method, relies on the use of light source with
high-degree coherence to compute highly resolved complex-valued objects. The coherence of light source consists
of temporal coherence and spatial coherence. In practice, it is difficult to obtain a fully coherent source. Spatial
decoherence can be generated in the following three scenarios: no synchronization mechanism for the whole
radiation source, a finite (non-zero) point spread function of the detector, and the sample variation within
exposure time. Partial temporal coherence means that the beam is not quasi-monochromatic, behaving as the
energy spread of the illumination. The consequence of reduced degree of temporal and/or spatial coherence in
CDI is the decrease of visibility in the measured diffraction intensity. A fundamental assumption of CDI is the
full temporal and spatial coherence, and even a relatively small deviation from full coherence can prevent the
phase retrieval algorithm from converging accurately. It is necessary to break the barrier of limited coherence by
improving the experimental setups directly or optimizing the phase retrieval algorithms to mitigate decoherence.
Based on the Wolf’s model of coherence-mode of light and the framework of CDI using partially coherent light
proposed by Nugent et al., various methods have been proposed to solve the problems induced by low
coherence. Those methods generally experience a similar development process, that is, from the requirement for
measuring the spatial (coherent length or complex coherent factor) or temporal (spectrum distribution)
coherence properties to without the need for such priori knowledge. Here in this work, the principles of partial

coherent CDI, and the major progress of CDI with partial spatial- and temporal-coherent light are reviewed.

Keywords: coherent diffraction imaging, partially temporal coherence, partially spatial coherence
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