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Goals of the thesis
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Chapter 2

Background and contemporary state of
research
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2.3.4 Common-path off-axis digital holography
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Chapter 3

Methods and tools
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3.2 Complex-amplitude propagation
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3.3 Three-dimensional point spread function
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3.4 Lens-less Gabor holography of point sources

T gur » s mwma x U x RS WP W Spr wo oww
mS SS g gt mrs ®» ()m mrx r wgg m r ()r mwsra w
g W r
X ®LgRg®r IR W re 8 &M ssu » we
ms sswm m g wmr [ ] rmTg M NS T  Ng r X W W mwwr
r o mSTM W R B KX KXW X X st g ®e APsss
rug  Ppw X R XS W X X wg S wrx g ™ x
rom U ® r rnw wamwm s P W nS qu W
gmr s g W S gm U, T sU, » Uswau wu ®mrr o r W
P wmrrwm mwmg (1) pur wmr thr x s wmw
Te X WSTA W U. » W e S » LU S T L )
g W ffr morrwm srtru wr th wp ww wmtw( ) ws
TPE SRS WX » » r o WS re wg U. » roor (1)

t(x,y) = T(z,y)U|Us + U,|?, (1)



CHAPTER 3. METHODS AND TOOLS

x prur ww w7 fins fim rowmrx P ARS S X Sg W
mooxp m X XN rg W sUs » U, x x us
rm W »n rw wag UU sspr wp we wts
g M S

t(z,y) =T (x,y)AsAr Ac exp{i[—sgn(zs0) Ps + sgn(z0) P, — sgn(ze0) P}, (1)

r A;om Oy j={r,s,c} r wp w s m P ss S gw XX m »
X mSrTw W S
» S ®Ws x xox s r Ssp norxgm X oW
S WS Tjo,Yj0,%0 J={rs,c}mr ng rmwm s »w n ff sp ow
s ttrxrxr m W S wr x sp )P w S ™ P SS » X x neg
®» ®or i I rgm  m rttm s
Q; .
Ajzr, Q; =k(r; —rj), j=A{rs,c}, (1)
J

— 2 2 2 — 2 2 2
mp W S

3.4.1 Paraxial optical parameters

Th “rsm ppr m ®» sp r s pr s » wr  sufi wm xr sx
ng PR RS WP W R nuwa x prur [1] Th sp « s
r ™ S S ®Ss x Spr » S gm XX m » X
mSre W s( 1)rx W
2?4+ y* xxio + yyio :
(I)j:k( 5 - )7 j:{T,S,C}. (1)
ZjO ZjO
T m ffr mwoer () “rsmo o pRr W W S PP » i
) rug  per W w7 & |z] s ows r wp w th
g S WSS ™ w s wap fi RS X Ng »w Z » » S
Vi, +y% =0 wmttwgp rs »  wflew s P r o wsre
m WS W g P WS wur W PP WNg wap aw w( 1) wap
wmp w () w WS r s Towr r rws proax wm w7 wmw

» an ® S 1m

00 2 2
U; x zl// T(x,y) exp{ikw} exp{—i2m(zv, + yv,) }dady, ( )



CHAPTER 3. METHODS AND TOOLS

th ws wmg sr wsru wS rwg v r ®» s tw wms s th
» nr aur =0 s x o oWmSTM W S W Z = Zp 1R W
s

1 1 A

2 (1

zio 2o Zo(zo+A)

r A = zZg — Zyg  SSUW Ng ue w » rowx r x (T = wms)
& WM r Wg g W r wR ® SX WS rw Ui x 0(vy,vy) T
r rm S sp ™ Mg x x=xp= LT+ (2io/2:0)T0 B Yi = Yio =
Byso + (zi0/20)Ye0 r Bs rowmognfi ne w
- dxi _ dyio _Zi0 ( )
B dst B dyso B Zro +A
T P ne & » w gwfi » M gRePr AWM S MW S
dzio Zi0 ? 2
W—dzso—(ZT0+A) =" ()

3.4.2 Diffraction-limited three-dimensional point spread function

Y

h m o 3 wm owms SXr W W™ ssw P ® Wg S o
I rom s (V) W us g w z=2zo+Az wm
s rwg Twox um grm® r x fim r wspp 3 PST
wawms Ut e x x r WS XS X SSS noroug 3 PSF
r WS ru » s ™ zos » (1) = o » th »

z r PST fin s = |Ui(\/v2+ 120z =0) w»guw r » swm wwm

I(W/I/§+1/5:O,Azi20):1 S mPrss s
I<,/V§—|—UZ,A,ZZ-:O>:4jinc2(7rpm/1/§—|—1/§>, ( 4

v jinc(z) = Ji(x)/x Ji(z) s ss wwm W firs m wm firxs r x T
CHEN B firs wa m waww N rgum w W R S
w ~38 fims 1 ws roos m W
AD; = /(i — wi0)? + (yi — Yi0)? = 0-614, NA; = ¢ )



CHAPTER 3. METHODS AND TOOLS

r NA; s g Mem r ® rour
T ) T2
r x wr 1 3 PSTswm s g vz +v;=0) ffr
» W gr s s mw s w » th »nrma z m ws fim s
I =|U(/v2+v2=0,A%)? »guw r » prx wmeg pw I(Jvitvl=
0,Az;=0)=1 oW W
q 2 q ™ Az 0
. (2 (2
[(@/V:%—i-l/i:(),q): 1—— smc2<—>, §=—— ni=—0 ()
T™n; 2 Zio + AZZ‘ )\Zio
th ww wmg smewm r wmAz Th r sinc wm  ® s
s ft ® RS W mww w & W r us reus ® sinc
uR WM WS S S Wam r ®» wms pr fi
v gur S wmawa x pS*® g Wm.r pro7 XS WS x m SS
» TR VS s ft £ (A /) w S Wm ¥
» mg sp (Q) s ww w rosm owawa x N
ff s wsrx ® g r wfla e m r PR RS W
r w ms s » e “rsm owmeama r NV; = |ng| T » ms
( ) Spx ®g S W ¥ Sz x w s » »n mqg = 2mm
m==41,+2,... ss sfi T s wmm r m wms prfi s w
®s WS o rszrop msAzt m Az x m==x1"g )
2Zi0 221‘()
Asr = 20 a2 ()
ST W W m WS x S SwW  mww W S ®m sp rom
» T e »w rs r rwgppwn thw»s =w ® WS W

AU S " S S w w rms mom o norgm mNg rm » »



CHAPTER 3. METHODS AND TOOLS

dI/dg=0[1 ]
q q q
tan (— =—(1- , ( )
2 2 ™n;
» ' Qmaz .  w( )wuws ® R X th »s w»
moms  owm wmaww Az s W O W
2i04,
maxr __ ? max
Asmas _ _Zi0mar ()
TN — Gmax
S mr o moms p A wm A7 rg w firs zx ®» ms
S e »n S x SS R ORS K RAwWR
+ + max - — max
A=Az — A" AT = Az — Az ( )
nng fim g mwa «r S ™  SS ®nor o wsr W om-tg T
qu w S Wawa x PS% m e SP fi »Q; finm s
AT
Q=[5 (v
i
»n wus (g ) mww PS® m s s s s
e W W » me & ®m wm gwfl my( ) s mwam x fi msw
N g Sp Q; w s Qs x » oS » NS B Mg w W
wm gn fi msus Qs =Q; rom ® SS S ws »ow
S M mwwm W W XrSZr P WS s ne ®m RS F r WS M
»n S ffrw ws m Qs m Q; r s g ffrm w»
sy » mog Sp
h ar wmsmn » » wp r r s s »r
»er W W mRW Sg W wr i mppr m
P mg pPw® S WS T e om wm Az < Jziol s p v
m fi rwa ( )
2 2 .9 (d4D WniAzi pf2z
I Vx+Vy:07qD = s1nc 7 y 4D = ) z:A . ( )
Zi0 Zi0
wmrox s () ww wmgp s ®m r m Az Tes PS7 ss m
morox »Row o s ft £ » wr Th

RS S r spr » SZ

X

®gp = 2mm

rom = 41,42, ...



CHAPTER 3. METHODS AND TOOLS

th r ws( )m s sx v
2z;
+ - 10
Azly = —Az, = : C )
g
S wmama x ST W W W megsp ( )VQp=1s W S au
» rosw m waswg pr ppr wm w» T w moox
»pr W W s s omwm x N; = |ng| s mw rg r W
um s wm 0w P rNg x wms( ) m () r s
» » W wfl »r PPr M MWW XS W rwms ® S W
X Se S o moxx nS WP rwg wrwmwm [ ]
Pr wr m WS S S ® o r W ar ws( ) wm () m w wg
x » N;r s S x x »

» » sp omorowm 1/z=1/(z00+Az) = 1/2i0 s
wN; s us PS+ s x » noow owm rwa( 14)
st W 3 mg . m AW ws ™ S S
3.4.3 Holographic aberrations
» » WS T QU r r e wNg pr ppr wma m x s s W
row P M e S Wmgx WS rxw o ®» S W S
i I n Xg Ne »x Ne pw X ®m STy =T =

5$so+(2i0/2c0)$c0 Yi = Yio = 5yso+(zz‘o/zco)yco 2= Zi0

xs r qur R WS i IR ppr W W » s UU; TR ™
moXoxm Sp x Sg mrx » R r W S Sp x th
Frm s P rr W WS T rrooms o ox oxox g
X WS r S« T x© pws » »p » s P;g o » (1)
» m firs x RS r W oW [ 1 m» s xx s m
xtt m s
o, = (135-1) B (I>§3), (1)§1) _ k:rijQ_ rijo’ (135-3) _ krjl_j _3le_j07 (4
Zjo 8250

T = \/(%’0 — )%+ (Yjo — ¥)? Lo = x?O + yjzo w j=A{s,rci}t r ws
soM = —oM 4 oV + @Y ¢ wm

i

e firs r x rws wz;

X
g s wm zZo( 1) wm r wa gnfi () w x nSux
1 IR M gwg W ms r s sfi
th » » frw m T rm rmom aup s sux
s w W sr rw K SS S e e ws T



CHAPTER 3. METHODS AND TOOLS

roox X XX WS Mz X " S
L(_a® _ o0 4 30 4 g0
= (-0 — o 1+ o + o). ()
k (2 T S (&
th » sg n 8 M o wms s wr  xswap fi n WS rwg
W » S wr ¥ mSTM W rom » » s (zjo =
yio=0 xj={rc}) = S wr s gm s » r  s(yo=0
= {s,i}) swng P r xwm s(pp) w r X NP W I = pPCosy
Yy = psine r x x r™As W r rttw X
Le® 4 3 2 2 2
E(I)j = Aj04op + Ajl:ilxjop cosp + Ajzzzxjop cos” p+ ( )
+ Aj220x30p2 + Aj311x§0p COs @, j = {57 r,c, Z}a
x us fi msrg wms
1
Aj040 = 8.3 " Aj131 = _4Aj040’ Ajzzz = 4Aj0407 Ajzzo = 2Aj040’ Aj311 = _4Aj040'
30
Sus wwg( )wm () w™ wswg wmrm z * r ™ pN=p/pn r
pp S x WS rwor we m X rm®m o x x S xx
nSg W
W = Spy + Cpi; cos p + Apa cos® p + Fp3, + Dpy cos o, ( )
x fi msSCAF » Drxprswmsp r M ™ WA S gwa S
fi wr  wr W S X WX Sp ®noow rttmos
401 1 1 1 Tg0p5 1
S=-(s+5-5-=) ¢ =20 ﬁ?)__s
8 Zi0 Zr0 250 20 2 Zi0 250
2,03 2 1 1 a3 1
A:_s(]ph 6_3__3 ’ F:—A, D: sOph ___3 )
2 70 230 2 2 250
» O T s L) s roxw (ze0 = 2r0) ® SS
S waw W R r oW X WS e wap we w( 1) w
S am S w X ® S s xTOmr  Wg wex
wm gnfi n( )s n (zi=zp=z20 =1 wm» S=C=A=F=D=0)
x » r o RS TM W ff rs r wa rorm (ze0 # Zr0)

wfla » S WS nw uw



CHAPTER 3. METHODS AND TOOLS

3.4.4 Strehl ratio

S T WS W SS SS W mwwa x w suffi m s wm  wms
? ss » Sr «x K swyp fi Ul ws [ 4] sswwa
®g rw r prxowr r owsp,® o xoxr wm s(pp) mRZ X
r N pn=p/pp W v n W Sr x s fim s
27l . 2
K — 0 fo eXp{ZkW}dedegD ( )
2m rl .
fo fo dedeQO
i 2RO wp RN now ¥SxXx S ®m ¥ mwNg firs x
WS i 3 SO Pr SS W St «x x SWa XX WS S »
S
K =1-k[W?) - (W), (4)
r (W2 » (W) x fim TR S
1 2w 1 1 2w 1
W =2 [ [ Wopsdpde, 7)== [ [ Woxdowdp.
™Jo Jo mTJo Jo
nsw wmg » wflaw r X rsp r m AW =Spym pr
g P oW Sr x (4)s = ® s
K=1- ik?S2 ( 41)
45 '
th »r s » w» Mg r wWMSra W w sgnfi m noow RS X Ng
r w W =W + Rpk r wswg fi » R Th pwm us vg
s » Sr r K r e o wnW's w s wwm o W
R w » wdK/dR = 0pr ®g S 1 wmwwa s pp th Sr r »
PR O wmg P W mX S S W
K =1—k[W?) — (W)* = 12(Wpy) + 12(W)(py )] (4)
s m S sp o W =Spk «x wn( 4)r S s}
K=1- L1&92 (4)
180 '
S 1 su € WSWA W ros Sr «x ” r

sp X WS per W 16xswma r ftr mwma r wswg( 4)r



CHAPTER 3. METHODS AND TOOLS

»r wmg pow (4)
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Chapter 4

Optimizing three-dimensional point
spread function in lens-less digital
holographic microscopy
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Chapter 5

Red blood cells as photomask for
photorefractive writing into lithium
niobate
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Chapter 6

Optimized implementation of the
double-exposure method in
common-path self-referencing digital
holographic microscopy
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6.1 Arrangement with Sagnac interferometer
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6.1.2 Results and discussion
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Polarization-sensitive digital
holographic imaging with enhanced
temporal stability
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Chapter 1

Optimizing three-dimensional point
spread function in lens-less digital
holographic microscopy
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1.1 Lens-less Gabor holography of point sources
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Chapter 2

Red blood cells as photomask for
photorefractive writing into lithium
niobate
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Chapter 3

Optimized implementation of the
double-exposure method in
common-path self-referencing digital
holographic microscopy
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Chapter 4

Polarization-sensitive digital
holographic imaging with enhanced
temporal stability
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