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CHAPTER 3

S im p le m e th o d fo r a c c u ra te c h a ra c te riz a tio n o f b ire frin g e n t

c r y s ta ls

We p res en t a s im p le m eth o d to d eter m in e th e cu ttin g an g le an d th ick n es s o f b irefr in g en t

cr y s tals . O u r m eth o d is b as ed u p o n ch r o m atic p o lar iz atio n in ter fer o m etr y an d allo w s fo r

accu r acies o f ty p ically 0 .1 ◦ in th e cu ttin g an g le an d 0 .5 % in th e th ick n es s .

P.S .K . L ee, J.B . Po r s , M .P. v an E x ter, an d J.P. Wo er d m an , A p p l. O p t. 44, 8 6 6 - 8 7 0 ( 2 0 0 5 ) .
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3. S im p le m e th o d fo r a c c u ra te c h a ra c te riz a tio n o f b ire frin g e n t c r y s ta ls

3.1 I n t r o d u c t io n

Birefringent c rys tals p lay a key role in variou s op tic al ap p lic ations ranging from p olariz ation

m anip u lations in linear op tic s to freq u enc y c onvers ion in nonlinear op tic s . A s th e s p ec i-

fi c ation of read y-m ad e c rys tal s labs is often lim ited by m anu fac tu ring toleranc es , ac c u rate

ins p ec tion after p rod u c tion is u s u ally req u ired . P rop erties of birefringent m aterials are gener-

ally c h arac teriz ed by ap p lying interferom etric [ 4 1– 4 4 ] or ellip s om etric tec h niq u es [ 4 5 – 4 7 ] .

A ll th es e tec h niq u es enable one to d eterm ine th e ax es of orientation or th e refrac tive ind ic es

(or both ) of th e birefringent m aterial, bu t not its th ic knes s (ap art from [ 4 7 ] ) . We p res ent h ere a

s im p le m eth od for s im u ltaneou s d eterm ination of both th e p rec is e c u tting angle and th ic knes s

of a birefringent c rys tal. O u r m eth od u s es th e refrac tive ind ic es of th e c rys tal as inp u t, s inc e

th es e ind ic es are alread y well-known to h igh p rec is ion for m os t of th e relevant c rys tals [ 4 8 ] .

We c om bine th is inp u t with c h rom atic p olariz ation interferom etry to d eterm ine p rec is ely th e

abs olu te ord er of th e c rys tal (ac ting as a wavep late) at s everal angles of inc id enc e.

3.2 T h e o r y

Wh en c ons id ering p lane-wave illu m ination of a u niax ial wavep late, th e ac c u m u lated p h as e

d ifferenc e ∆φ between th e ord inary and ex traord inary ligh t u p on p rop agation th rou gh a bire-

fringent c rys tal is given by

∆φ = d(ko,z − ke,z) , (3 .1)

wh ere d is th e c rys tal th ic knes s and ko,z, ke,z are th e internal longitu d inal wavevec tor

c om p onents of th e ord inary and ex traord inary ligh t in th e (z-) d irec tion p arallel to th e s u rfac e

norm al. In d etail, th e wavevec tor c om p onents are given by

ko,z = k0

√

n2
o
(λ )− s in2(θ) (3 .2)

ke,z = k0

√

n2
e
(λ ,Θ)− s in2(θ) (3 .3 )

wh ere k0 = 2π/λ is th e wavevec tor of th e inc om ing beam , θ is th e angle of inc id enc e and

no(λ ) and ne(λ ,Θ) are th e refrac tive ind ic es at th e s p ec ifi ed wavelength λ and angle Θ, with

1

ne(Θ)
=

√

c os 2 Θ

n2
o

+
s in2

Θ

n2
e

. (3 .4 )

H ere, Θ = θc + θ ′ is th e angle between ~ke and th e c rys talline c -ax is , θc is th e c u tting

angle (= angle between c -ax is and s u rfac e norm al) , and θ ′ is th e internal refrac tion angle. A ll

relevant angles are ind ic ated in F ig. 3 .1.

D es p ite th e s im p lic ity of th e above eq u ations , th e analys is of d ata obtained from c h ro-

m atic p olariz ation interferom etry req u ires s om e th ou gh t. E x p erim entally, we m eas u re th e

wavelength -d ep end ent op tic al trans m is s ion T of th e wavep late wh en it is p os itioned between

two p arallel p olariz ers . By fi tting th e m eas u red s p ec tral fringe p attern with th e th eoretic al
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3.2 T heory

Figure 3 .1 : Definition of the relevant angles: angle of incidence θ , internal angle of

refraction θ
′, crystalline cutting angle θc, and internal angle Θ.

exp ression [ 4 9] T = a c os2{∆φ(λ ,θ = 0)/2}+ b, with a an d b c on stan t, we c an extrac t n ot

on ly th e frac tion al bu t also th e inte ge r ord er of th e wavep late for an y sp ec ifi c wavelen g th λ0

(total ord er is ∆φ(λ0)/2π).

An oth er issu e is th e d ep en d en c e of ∆φ on both c rystal c u ttin g an g le θc an d th ic k n ess d. A

sin g le p olariz ation -resolved tran sm ission sp ec tr u m c on tain s in su ffi c ien t in form ation to d eter-

m in e both θc an d d in d ivid u ally, as a variation of on e p aram eter c an be larg ely c om p en sated

for by a c h an g e in th e oth er p aram eter. Th e basis for th is ap p roxim ate in ter c h an g eability of θc

an d d is th e observation th at E q . (3 .4 ) is well ap p roxim ated by its fi rst-ord er Taylor exp an sion

(as |no − ne| ¿ no), m ak in g th e refrac tive in d ex d ifferen c e ∆n(λ ,Θ) ≡ n0(λ )− ne(λ ,Θ) ≈
∆n(λ ,Θ = 90◦)× sin 2

Θ. As a resu lt ∆n(λ ,θc) sh ows a sim ilar wavelen g th d ep en d en c e at

variou s c u ttin g an g les an d d ifferen c es oc c u r p r im ar ily in th e p refac tor.

To fi n d th e in d ivid u al valu es of θc an d d we m easu re a set of p olariz ation -resolved tran s-

m ission sp ec tra at variou s an g les of in c id en c e θ . We an alyz e th e sp ec tra obtain ed at n on -

n orm al in c id en c e by u sin g th e in ter c h an g eability m en tion ed above: we fi t th e p olariz ation -

resolved tran sm ission sp ec tr u m at eac h in c id en t an g le θ by th at of a fi c titiou s c rystal of effec -

tive th ic k n ess de ff(θ) illu m in ated at n orm al in c id en c e, i.e., we write ∆φ(λ ,θ) ≈ 2πde ff(θ)×
∆n(λ ,Θ = θc)/λ . Th is tr ic k yield s a sin g le fi ttin g p aram eter de ff(θ) for every sp ec tr u m . As

a last step in ou r an alysis we c om bin e th e d ata of all sp ec tra, by p lottin g de ff(θ) (or ac tu -

ally th e p h ase d ifferen c e ∆φ(λ0,θ) at a fi xed wavelen g th λ0) versu s θ an d fi ttin g it with th e

ap p rop r iate exp ression to extrac t both th e real θc an d d in d ivid u ally.

With th e above tric k we avoid th e p roblem th at a sin g le sp ec tr u m c an be fi tted with m an y

d ifferen t (θc,d) c om bin ation s. Th e on ly altern ative to ou r sim p lifi ed p roc ed u re wou ld be a

sin g le c om bin ed fi t of all m easu red sp ec tra. H owever, su c h a fi t is m u c h m ore c u m bersom e.

A n asty d etail of every m eth od of an alysis is th e c on version f rom extern al to in ter n al

an g les; in ord er to fi n d th e in ter n al an g le Θ = θc +θ ′ for a g iven extern al an g le θ an d c u ttin g

an g le θc, S n ell’s law sin θ = ne(λ ,Θ)sin θ ′ h as to be solved iteratively, sin c e Θ itself d ep en d s

on θ ′. I n p rac tic e, th ree iteration s are su ffi c ien t to fi n d all an g les with an error < 0.0001◦.

As a typ ic al exam p le we tak e θc = 24 .9◦, θ = 25 ◦, no = 1.6 6 7 3 6 an d ne = 1.5 5 012; we

fi n d th en on th e fi rst iteration θ ′

1
= arc sin {sin θ/ne(Θ = θc)} = 14 .8 9◦ an d Θ1 = 3 9.7 9, on

th e sec on d iteration θ ′

2
= arc sin {sin θ/ne(Θ1)} = 15 .15 8 ◦ an d Θ2 = 4 0.05 8 ◦, on th e th ir d
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3. S im p le m e th o d fo r a c c u ra te c h a ra c te riz a tio n o f b ire frin g e n t c r y s ta ls

iteration θ ′

3
= arcsin{sinθ/ne(Θ2)} = 15.164◦ and Θ3 = 40.064◦ and the same to within

0.0001◦ on the fourth iteration. The advantage of our two-step fit procedure is that these

iterations are necessary only in the final fit of ∆φ(λ0,θ) versus θ . For the alternative approach

of a single complete fit of all data an enormous amount of iterations in the 2-dimensional

(λ ,θ) space is needed.

3.3 E x p e r im e n t a l s e t u p

Figure 3.2 shows the experimental setup. An incandescent lamp (G E 1460X ) produces a

beam which is directed through two apertures (spaced by 10 cm, each 5 mm diameter) in

order to limit its divergence. N ote that no lenses have been placed in the beamline. The

birefringent B B O crystal (specified cutting angle θc = 24.9◦± 0.5◦ and specified thickness

d = 1.0 ± 0.1 mm) is positioned between two parallel polarizers and placed in a rotation

stage in such a way that the crystalline optical axis can be rotated in the horizontal plane. A

200 µm diameter optical fiber guides the collected light to a fiber-coupled miniature grating

spectrometer (O cean O ptics S2000), which contains a high-sensitivity C C D array for quick

and easy measurement of a complete spectrum.

spectrometer

polarizer

birefringent
c ry s ta lpolarizer aperture

aperture

fiber input
c

computer

Figure 3 .2 : Experimental s etu p u s ed to meas u re th e o ptic al trans mis s io n s pec tru m

o f a b irefringent c ry s tal s and w ic h ed b etw een tw o parallel po lariz ers . L igh t fro m an

inc and es c ent lamp (no t s h o w n) is pas s ed th ro u gh apertu res (to limit its d iv ergenc e) and

th e c ry s tal b efo re b eing s pec trally analy z ed b y a fi b er s pec tro meter. T h e c ry s talline

c -axis c an b e ro tated in th e h o riz o ntal plane w ith an ac c u rate ro tatio n mo u nt.

In o r d er to generate th e p h ase d ifferenc e b etween th e o r d inary and ex trao r d inary ray,

we fi rst o r ient th e c rystal’s c -ax is in th e h o r iz o ntal p lane, u sing b o th p o lar iz ers initially in a

h o r iz o ntal-vertic al c r o ssed c o nfi gu ratio n. T h e p o lar iz ers are th en ro tated to th e 4 5 ◦ setting to

get m ax im u m fr inge c o ntrast in p o lar iz atio n-reso lved transm issio n.

S inc e we m easu re at angles o f inc id enc e u p to 3 0 ◦, we p aid attentio n to p o sitio n th e

c rystal p r o p er ly alo ng th e ax is o f th e r o tatio n stage to avo id ( p ar tial) c u t o ff o f th e ligh t b eam

b y th e c rystal h o ld er. T h e sc ale o f th e r o tatio n stage is c alib rated regard ing its z ero setting b y

c arefu lly o b serving th e refl ec tio n at no r m al inc id enc e. H ereb y, we c o u ld get an ac c u rac y o f

th e z ero setting o f 0 .1 ◦, wh ic h is also th e ac c u rac y th e sc ale o ffers fo r angle m easu rem ent.

We o p erate o u r sp ec tr o m eter in th e transm issio n m o d e, in wh ic h th e wavelength - d ep en-

d ent ligh t intensity is no r m aliz ed to th e sp ec tr o m eter signal o b tained in th e ab senc e o f th e
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3.4 M e a s u re m e n ts a n d re s u lts

crystal. Since this latter signal is relatively weak for wavelengths below roughly 350 nm,

the measured signal in the transmission mode is very noisy in this spectral regime. For this

reason, we measure in the wavelength domain 400-8 7 5 nm, though the fiber spectrometer can

operate in the regime 2 00-8 7 5 nm.

3.4 M e a s u re m e n t s a n d re s u lt s

The experimental part of our method consists of measuring wavelength-dependent transmis-

sion spectra T (λ ,θ) of the B B O crystal for several angles of incidence θ . Figure 3.3 shows

a typical optical transmission spectrum T (λ ), measured at normal incidence (θ = 0). The

modulation depth of the experimentally observed fringes is limited to only ≈ 8 0% for λ >8 00

nm and smoothly decreases to ≈ 30% at λ =500 nm. We attribute this limitation to the finite

opening angle of the light beam, which is approximately 0.7 ◦ and mainly determined by the

second aperture (5-mm diameter) positioned at 40 cm from the (2 00 µm diameter) detect-

ing fiber. M ulti-beam interference [50] does not play a major role in our experiment since it

req uires plane-wave illumination, whereas our light source has a finite opening angle and is

spatially incoherent.

Figure 3.3: Optical transmission spectrum T (λ ) of our B B O crystal, which is sand-

wiched between two parallel polarizers. The measured curve (solid) was tak en at nor-

mal incidence (θ =0 ); its best fit (dotted) was found for deff = 1 1 2 4 µm and θc = 2 4 .7 ◦

via the expression T = acos
2[∆φ(λ ,Θ = θc)/2]+ b. N ote that we present only a part

of the full pattern to limit the number of displayed fringes.

N ext, each transmission spectrum is fitted by using the θ = 0 expression for the phase
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3. S imp le meth o d fo r ac c urate c h arac teriz atio n o f b irefring ent c ry stals

difference, i.e., ∆φ(λ ,θ) ≈ 2πdeff(θ)∆n(λ ,Θ = θc)/λ , with th e th ic kn es s deff(θ) ac tin g as

fi ttin g p arameter an d θc fi xed at th e s p e c ifi e d valu e of 24 .9 ◦, wh ic h c ou ld d iffer f rom th e

real c u ttin g an g le. For th e s p ec tr u m meas u red at n ormal in c id en c e, deff = 1124 µm g ives

a p erfec t fi t of th e f r in g e p eriod an d p h as e (d otted c u rve in Fig . 3 .3 ); a p rec is e fi t of th e

f r in g e amp litu d es is n ot relevan t in ou r an alys is . For s p ec tra taken at n on - n ormal in c id en c e

(n ot s h own ) th e fi t is n ot always p erfec t, s imp ly b ec au s e th e θ = 0 exp res s ion is ju s t an

ap p roximation , th ou g h a g ood on e, for th e c as es θ 6= 0. To s till ob tain th e c orrec t ord er

∆φ(λ0,θ)/2π at a s p ec ifi c wavelen g th λ0, we h ave to fi t with an effec tive th ic kn es s deff s u c h

th at exp erimen tal c u rve an d fi t are exac tly in p h as e at th is wavelen g th (f rac tion al ord er), wh ile

b oth c u rves c on tain an eq u al n u mb er of f r in g es (= in teg er ord er) in th e wavelen g th d omain

[λ0, ∞] . For λ0 we c h oos e a fi xed valu e of 6 4 4 n m, b ec au s e it is loc ated in th e c en ter of ou r

s p ec tral ran g e an d ac c u rate refrac tive in d ex d ata at th is wavelen g th is availab le [4 8 ] : no =
1.6 6 7 3 6 an d ne = 1.55012.

Th e d es c r ib ed fi ttin g p roc ed u re works well b ec au s e we u s e ac c u rate (at leas t fou r d ec i-

mals ) valu es for th e refrac tive in d ic es no an d ne, as tab u lated for s ome wavelen g th s at T =

29 3 K in [4 8 ] (orig in ally from [51]). D u e to th e s mall temp eratu re s en s itivity (≈ 10−5 K−1)

of th e refrac tive in d ic es , temp eratu re fl u c tu ation s with in 5 K h ave n eg lig ib le effec t on th e

refrac tive in d ex d ifferen c e, wh ic h is of th e ord er of 0.05. Th e men tion ed tab u lated valu es

for no an d ne s erved as in p u t to c alc u late d ata p oin ts for ∆n(λ ,Θ = θc), wh ic h are th en fi t-

ted with th e s tan d ard d is p er s ion relation (n ormally u s ed for n) to ob tain th e f u ll wavelen g th

d ep en d en c e of ∆n(λ ,Θ = θc) n ec es s ary for fi ttin g th e ob s erved s p ec tral f r in g e p attern .

Fig u re 3 .4 (a) s h ows th e meas u red ord er of wavep late ∆φ(λ0,θ)/2π as a fu n c tion of th e

in c id en c e an g le θ , wh ere eac h p oin t res u lts f rom a s in g le s p ec tral meas u remen t. Th es e p oin ts

are fi tted b y u s in g th e f u ll (θ 6= 0) E q s . (3 .1-3 .4 ) with c u ttin g an g le θc an d th ic kn es s d as

fi ttin g p arameters an d λ fi xed at λ0 = 6 4 4 n m, th ereb y g ettin g th e p rop er in ter n al an g le Θ for

eac h θ via iteration s . Th e s et of fi ttin g p arameters wh ic h p rod u c es th e b es t fi t (s olid c u rve)

n ow g ives u s th e real c u ttin g an g le an d th ic kn es s of ou r B B O c rys tal, b ein g θc = 24 .9 5◦±0.1◦

an d d = 1105 ± 5 µm. To d emon s trate th e in fl u en c e of th e fi t p arameters , we h ave als o

p lotted two oth er fi ts . Th e d as h ed c u rve s h ows h ow a c h an g e in θc (to θc = 19 .9 5◦, keep in g

d = 1105 µm) lead s to s ometh in g like a h oriz on tal s h if t of th e b es t fi t. Th e d otted c u rve s h ows

h ow an ad d ition al c h an g e in d lead s to a s imp le an d exac t s c alin g in th e vertic al d irec tion .

Th e n ew (an d in c orrec t) fi t p arameters (θc = 19 .9 5◦, an d d = 16 8 0 µm) are c h os en s u c h th at

th ey g ive th e s ame ord er of wavep late ∆φ(λ0)/2π at n ormal in c id en c e.

To d etermin e th e b es t fi t of th e d ata p oin ts s h own in Fig . 3 .4 (a), we h ave c alc u lated

th e n ormaliz ed χ2 = ∑
N

i=1
δ 2

i
/(N − 2) for variou s s ets of fi ttin g p arameters θc an d d (s ee

Tab le 3 .1). H ere, N is th e n u mb er of d ata p oin ts an d δi are th e res id u als b etween d ata p oin ts

an d fi t wh ic h , for th e b es t fi t, are ran d omly s p read arou n d z ero with a s tan d ard d eviation

of 0.10 [s ee Fig . 3 .4 (b )] . B es id es th e real c u ttin g an g le θc an d th ic kn es s d of th e c rys tal

(min imal χ2), Tab le 3 .1 als o in d ic ates th at ou r meth od allows for d etermin ation ac c u rac ies

of 0.1◦ for θc an d 0.5% for d.
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3.5 D is c u s s io n

Figure 3 .4 : (a) O rder of th e w av ep late ∆φ(λ0,Θ)/2π at λ0 = 6 4 4 n m as a fu n c tion of

th e an g le of in c iden c e θ . T h e dots are ex p erim en tal v alu es ob tain ed from fi ts lik e th e

on e s h ow n in Fig . 3 .3 . T h e s olid, das h ed an d dotted c u rv es are p aram etric fi ts (s ee tex t

for details ). (b ) R es idu als δ b etw een ex p erim en tal p oin ts an d b es t fi t s h ow n in (a). T h e

res idu als are ran dom ly s p read arou n d z ero w ith s tan dard dev iation of 0 .1 0 .

3.5 D is c u s s io n

As this chapter stresses the high accuracy of our method, we will separately discuss the

possible errors in the horizontal and vertical scale of Fig. 3.4(a). The error in the determined

angle of incidence θ comes, in the first place, from the scale accuracy of the rotation stage,

being 0.1◦. In addition, θ can exhibit a systematic error of 0.1◦ due to the limited accuracy

in the calibration of the zero setting of this scale, resulting in a total error in θ of 0.2◦. As a

consequence of S nell’s law, the error in the internal refraction angle is a factor n smaller.

21



3. S im p le m e th od for a ccura te ch a ra cte riz a tion of b ire fring e nt cry sta ls

Ta b le 3.1 : Normalized χ2 as calculated for various cutting angles θc and th ic k ne s s e s

d.

d(µm), θc 24 .85◦ 24 .9 0◦ 24 .9 5◦ 25.00◦

1100 0.301 0.170 0.079 0.14 5

1105 0.106 0.038 0.010 0.022

1110 0.023 0.018 0.054 0.130

1115 0.050 0.109 0.209 0.351

In ac c u rac y in th e meas u red ord er of th e wavep late ∆φ(λ0)/2π c omes from imp rop er

matc h in g of th e ex p erimen tal c u rve an d fi t at λ0 in th e fi ttin g p roc ed u re s h own in Fig . 3.3.

Th e p oten tial mis matc h is , h owever, n ot more th an a few times 10−2 of a fr in g e, wh ic h

imp lies th at ∆φ(λ0)/2π h as its er ror on ly in th e s ec on d d ec imal an d c an th u s be d etermin ed

more ac c u rately th an θ . A s we u s e a s imp lifi ed fi ttin g p roc ed u re (bas ed on de ff) , th ere is a

s mall r is k , p ar tic u lar ly for larg e θ , th at we mis c ou n t ∆φ(λ0)/2π by a fu ll in teg er u n it d u e to

a mis c alc u lation of th e n u mber of f r in g es in th e ran g e [λ0, ∞] . Fortu n ately, s u c h g ros s errors

s h ow u p immed iately in Fig . 3.4 (b) an d c an th u s be eas ily c orrec ted for.

A s an altern ative c h ec k for th e c u ttin g an g le, bu t n ot for th e c rys tal th ic k n es s , we h ave als o

u s ed ou r B B O c rys tal for typ e-I s ec on d h armon ic g en eration . S tar tin g f rom a weak ly foc u s ed

las er beam at a wavelen g th of λL = 9 80 n m, we fou n d op timu m c on vers ion to 4 9 0 n m at

a meas u red an g le of in c id en c e of 1.2◦ ± 0.1◦, c orres p on d in g to an in ter n al an g le of θ ′ =
0.7◦. With a free s oftware p ac k ag e [52], we d etermin ed th e an g le Θ for op timu m c on vers ion

[p h as e-matc h ed by no(λL) = ne(λL/2,Θ)] to be Θ = 24 .3◦. A d d in g th e two valu es men tion ed

above lead s to a c u ttin g an g le θc = 25.0◦, wh ic h ag rees well with th e valu e fou n d with ou r

meth od .

A s a tes t of ou r meth od , we h ave als o d etermin ed th e p rec is e c u ttin g an g le an d th ic k n es s

of a s ec on d c rys tal (with s p ec ifi ed valu es θc = 4 1.8◦±0.5◦ an d d = 200±20 µm). Table 3.2

s u mmariz es th e res u lts of a s eries of s p ec tral meas u remen ts by g ivin g χ 2 for variou s θc an d

d. Th is lead s to an ac tu al c u ttin g an g le θc = 4 1.0±0.1◦ an d th ic k n es s d = 238.5±0.5 µm.

Th es e s mall error toleran c es are in g ood ag reemen t with th os e fou n d with ou r fi r s t c rys tal,

an d on c e more c on fi rm th e h ig h ac c u rac y of ou r meth od .

We s tres s th at th e s imp lic ity of ou r meth od is d u e to th e u s e of well- k n own refrac tive

in d ic es as in p u t. I n s olid s tate op tic s , c h arac teriz ation of n ewly d evelop ed c rys tals c an n ot

ben efi t f rom th is meth od , as th eir ref rac tive in d ic es are s till u n k n own , an d a mu c h more ex -

ten s ive meth od is n eed ed . S u c h a meth od h as been d evelop ed by H ec h t e t a l. [4 7], wh ere

ellip s ometric an d p olariz ation tran s mis s ion in ten s ity meas u remen ts are s imu ltan eou s ly an a-

lyz ed to d etermin e th e op tic al p rop erties of a s p ec ifi c c rys tal. I n ad d ition to its s imp lic ity, ou r

meth od als o allows for eas y meas u remen t of an y p rac tic al c rys tal th ic k n es s , c on trary to wh at

is rep orted in R ef . [4 7].
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3.6 C o n c lu s io n s

Ta b le 3 .2 : Normalized χ2 for a second cry stal as calcu lated for v ariou s cu tting ang les

θc and thicknesses d.

d(µm),θc 40.85◦ 40.90◦ 40.95◦ 41.00◦ 41.05◦ 41.10◦

237.5 0.0322 0.0210 0.0124 0.0063 0.0028 0.0019

238.0 0.0183 0.0102 0.0046 0.0016 0.0012 0.0034

238.5 0.0086 0.0036 0.0011 0.0012 0.0039 0.0091

239.0 0.0032 0.0012 0.0018 0.0050 0.0108 0.0192

239.5 0.0019 0.0030 0.0068 0.0131 0.0220 0.0335

3.6 C o n c lu s io n s

In this chapter, we have presented a simple method, based upon chromatic polarization inter-

ferometry, to determine the cutting angle and thickness of birefringent crystals. In spite of

its simplicity, the method allows for accuracies of 0.1◦ in the cutting angle and 0.5% in the

thickness, which are generally much smaller values than specified by the manufacturer.

In the present experiment, these accuracies are limited by the q uality of the rotation

mount. This is, however, not a fundamental limitation. With a more accurate mount, in

combination with a better alignment scheme and a less divergent optical beam, even higher

accuracies are expected.
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