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the Newtocus model400Xseries of electm+ptic
phase modulatonprovidm an elficient mearufor
oplical phase modulation in the DC h 100 MItz fr*
quency nange. Thesewrsatile phase modulabn can
be operatedwith low h modenale driverohages, and
ilreir Z-mm apn-rtr:res mala ttrern ompatible wlth
most laser sources. Oher fuaturrs of thes devic€s
include thetr hi gh modul atton fnquency, low I nmr-
tion loes, goodRFstdeldlng, and hlgh opdcd-powr
handltng capabiltty.

The model 400Xseriesconslsts of four modulahn
clasified acmrding tn operatlng waratengtls and
eleclronic drive rcquinnrents, The operatin3 waw-
lengtlu are determined by the anti-rcflection coattng
applied to tire surfaces of the electro-optic cryslals.
Th,o standard we'elength ranges are offercd: 0.45-
0.85 pm and 1,0-1,6 pm, Regarding electronic drin
rcquir€ments, the following tv,o typrl of modulahs
are offercd:

1. Models 4002 and 400{ Eroadband
Phase Modulators cu be operated at any
fiequency from DC t0 100 Mtlz and mquire on
the order of 210 volh to achiere a a phaseshift.

2. Modefs 40Dl anil4003 Resonant Phase
Modulalors oprate at a single urr+pocilied
finquency anyrvhere in tire range 0.01 lo l'00
MlD, These devias can only hoperatd at their
rcsonanl frquency but requirc much lower driir
volrages<n theorderof 15'rolts to adrieve an
phase shift.

The broadband phase modulahrs am appropriate for
appllcatlons whem modulation orer a broad fm-
quency range is mqulnd. For appllcatiorc mqulrlng
phase modulatton at a slngle fiequency, the ftsonart
phase modulaton are pmfened hecause much htgh-
erphase shtfu can h adilewd wilh a gven drirr
voltage,

All of these devices employ electro+ptic crptah
whem an applled electric field induoes a change in
ttre crystal's efractiw indEc The Modd 400X serles
phase modulaton use llthium tantalarc (llTa0t
andlithium niobah (Lllib0t) cqistal$ as theelectrG
optic medlum, lf agrresirun-oride-dopd llthium
niobate (Mg0:tit'{b0) crlatals are also avrtlable for
higher opUcal-povrer handllng capabilig. All of thes
matnrlals aenonhygm,smpic, and so, theycan be
lell on an opticd table for lndeflntle periods without
requiring a xaled enclosure,

Table I (pap 15) is theproduclmatrixforthe {00X
serls phase modulaton and lisn the phyriul cirar-
acteristia and performane specifications for these
modulators, A mechuical drawing of ttn 400X moil
ulahris sholm ln Figure I (page 6),
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Fig. I

Mechanlcal ulews of the moful 4001f
eleatto-optlc tnod*laton
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0peration

0peration of Nen Focus elcfioopticphase modula-
tnn is based on tlrelinearelectro+ptic (orPockels)
effect-the ltneardependena of the refiactive.
lndeur on tlre applid electric field, Ihe efcct of an
applled elechlc lleld on a crptalb refrartire inder is
desalbed by a tlrlrd-rank effior rs. ltre induad
relradlrr Indor ctrange cau*d by an ortemal elec-
tric field has the form

a n l r--1ni\38'

wtrerc &l is tlre drange in the lndo( of rfracilon, r,
ls 0re unperultd index of mfractlon, rg is the
appmpriate element In ttre ekctrooptlc tens ot, md E
lstlre apptledelectricfield. ttNb0t and LlTaO3 arc
attractiw crptalrforrrse in ltrese tlpc of rnodulaton
bocarre they have wide sperlral transpanncy win-
dows, largp r meficienb, and lorv RF losss.

lfu NemFocurphase modulatos coruist of an ele-
tro'optic crystal of lerrgth i with eleckodes separated
bytre crptal thicknesd Theelectdcfield ts applid
along a crlstal axis and transverse to the directlon of
optical pmpagadon. Modula[on is indued ontn t]re
laser beam by allgntng lln polarizatlon ofthe inpul
ham with tire aptal uls dong which the electric
fteld is epplld An electronicsignal tsthendtnctly
modulabd onto the [aser beam t]rmugh ttre clactro-
opticdcl 
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For the rno&l$ 4002 and 4004 broadband phase
modulatos, the input electmnic sigral is applid
dimctly acms thecrystd's elsctrodes. So, the oplical
pham shift obtalned by applying a rolup yat the
inputSltAconnector is

qfiea I is the free+paoe uarelength, A ornmonly
used ligrrre of merit for ekclm-optic modulators is
tire half-waw roltage, Iro, whidr is delind as the
voltage requimd to produe a pham shift of 180o,
SubsnfifinB inh tre precoding equaton ylelds

For ttre bmadbandphase modulatos, Tr, is gicdly
210 rolts at 1.06 pm, conesponding to a modulation
depth, F, of 0O15 radiansftolt. Noe*rat atother
wartlengtts these valua dtange proportionaiely. So,
at532nmlznis 105volts, and p ts0,03 nadlans/tmlt.

For ttre models 4001 and {003 msonant phase mod-
ulalon, the aystal ts combined rrltlr an tnductor to
form a ruonantknkcircuit.0n msonance, thecir-
cuil looh lila a ruisnr whoee vdue depends on the
inducht's losses. Atransformer ls used tn matchth'ts
mslstance to the 5GQ driving impedance, Puuing
ttn cqstal in thit rcsonantcircuit msults in aroltage
acmcs ttre crystal electrodc tlrat can be rnom than
ten timel ttre inputroltage actots the Si[A onnector.
Ttris leads to reduced half-wartroltages and larger
modulation depttrs when oompued to the bmadband
rndulaton.

or=T(i,:n)*,,

. . M
vo=T_; .

n; \ r t

tul
For the rtconant phase modulatorq the peak phase
shift obained by ryplyurg a sinusoidal slgnd of
av€mge porverP at the input ShIA mnnechr ls

uc(r . tr [-Foo=Tl;"1,")7lzntl7,
whereB is ttre quality facto,r of the tank clruit, I is
tire lnduc{anoe, and 6ls tire crystd capacltane, For
the nsonantphase rnodulabrs lrn is typicdly 15
rolb at L05 pm, corrcsponding to arnodulatlon
deptir p of 0,2 radlans/volt.

A sln usoidal wadorm appl led to the modulabr will
pmduoe fiequency sidebands whidr arc separaEd
fiom tlre opticd eanier by the modulation frcquency,
thae modulation sldebands can h obsenedby
looking ht *re beam with an optical specFum ana-
lyar, Gircn an induced peak optical phase sirilt of
A$ (ln radians), thefraction of pourcrtransfened to
each of tlre lint-order sidtbands ls [/l (A0)]2, ufiel€

.|1 is the Bessel functlon o[order 1. ltre fraction of
ponnrthat mmains in thecanieris [/od0)]1,
where/o ls tlre Besel fu nction of order 0,

For example, impoeing a sinusotdal phase shift of
peakamplitude I radlan b aov laserbeamwlll
trarnfer tg$of the initial canierpowerto each of
the fint-order sidebands and leave 5fr6 of 0re porcr
in the canier, Note that the naximurn power that
can be transfend to tlre iirst-order si ddan ds is
ahout 3{94 and this requlres a peak phase shift of
t,8 radiuu. For the bmadband phase modulalor, at
1,06 pm a Lfuadlan phase shift is achie'rcd n'ith
about 120 volh. For the resonant phase modulator,
a 1.8 radian phase shift mquires an inputpeakwlt-
age of about 9 volts (0,81 avera8e po$er).
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Vhen usd properly, the 4OOlt sia phase modulaorr
can pmvide efricienl phase modulatlonwlth
o$smely lov unwanEd amplirude modulation and
insertion loss The lay to obtalning tlrls pure phase
modulatlonis good opttcal alignmentof theham h
ttre cqntdl propagatton a{s, and accurate ptarlza-
tion orientatlon of the laser's eleclricfieldwith tlrc
cq'stal's electro+pttcally acdre axls'

Ilo altgn the module to the opflcal beam:

l. Usethe V420 $rl6formetricwrsiolu) tap,ped
hole locatsdon the base of the moduletomount
It on an adiustrnent-pmltloning device for dign-
ment, We recommend ttre NmrFocrnModel90Tl
or 9071M tilt aligner hcause of its tilt and tnanr
Iation capabllities.

2. lbm on theopticalbearn, andodent the beam
so it is redlcally polulzed on the input apertule
(see Fig, 2). Itis lmprtanttocanfu[ydignthe
polarization since the c4'stals u*d by Nem Focus
amcuiso that ilreham propaptrs alongttrey-
axis of the crptal, this orlentatlon minlmitts
tre dfecb of acou$lc leronancs but makc it
critlcal that ttte opttcal hambe linearlypolar-
izedwrtically along the z-axls. If ttrepolatlm'
tion of lhe optical beam is notproperlydigred,
the modulahrs will lmpoae a polarization rote-
tion asuell as aphase rnodulation'nhtctr can
lead to unwanted amplitude mdulatlon if the
modulabr ls follorrid by anypolarizing optia.

3. Position and aligr the rnodule so that ttre beam
pasCI througlr the ?-mm input andou$ut aper-
turu, clearing thern without clipplng, the beam

tul
to be modutatedshouldbe oollimatedwith a
waslesizeof tis thanZ rurr, andcuch that the
Raylei$ranp is at leastthe length of the crF-
td. Ib aroid damap rttulting frorn ercesirt
opticd Innrsity, the optical porer should be kept
hlow tlre damage threstrolds ll$d in Table 1,

lpicallX a goodbeam size is 25ll-'500 pm.

To sct up the electrical moduladng lnput
clgnaL

Using an S}lA cable, oonnrct ttn SfirIA Jack on the
modulator to a modulatlng soura 4ppropriate for
tlre type of modulator (resonant or bmadband) you
areusing

NOIS: Sine the optlcd aliSnment of the nodula-
tor can be dsturbed by 0re $tr{l cable, ensurc that
the ShlA orientrtlon ls not ob$ructing the alignment
and use a strain nlief on ttre cable,

I1re models 4001 and 4003 rcsonant.modulators an
tund to aspecific fiEuency and require rery low
drircroltagto, zuctr astiratfmm asimple cristd
oscillator or a ftnction genentot 0ral has an ou$ut
impdana near 50 O. Tftet€floctedpourcrfroni ms-
onant phare modulaton at heir specifrted rcconant
frequurcy is rtry low compaad to bmadband rnodu-
lators.

Ilre models {002 and 4004 bmadband modulaton
rcqu lm large drirc vollaga and han a bandwidth
dependenton tire impdanoe of tlremdulating
sourmlVith a 50-Q souroe, tliebandwidthwill h
appmrdmately 100 MFk, the soura mrst be able h
drive ur open clruuit without carslng damap to the
soune, Igb reoommend a Nmi Focus Model 3?1 I
hlgh-r'olage alnpllfier for operation at frequencies
fromDC h 500 kllz, 
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1. Opflcalf,uougftput

0pticd thmu$put is drtermined ny he absorp-
tion and ucatEr tn the elrctraoptic aystal, and
by tire qudlty of the antl-reflection matlngl on
the end fapes. Lo'w optcd loases are criticd in
applications of the New Focus phrse modulrtnq
s0 grcat ca$ il lalan to eruurc insertion los is
mlnlmlzed,

2. ilIodulaffon Depth

Ttris dccriba the magnitude of the phase nodu-
lation imposedon the Input laserbeambythe
modulator. ltris depth ls optlmized by alignrnent
0f he input beam's polarizatlon with the cryoal
actirc axis.

3. Resldual Amplitude llloduladon (nA[I)

RAM is noise in a phase modulation system, and
therefore must be minlmizod, Quality of cqnlal

Forth andexcllenoe ln the linlstndaysal
desigr andmurufacturlng an esentialto the
elimtnation of R*tvt, Experimentally, peclse
alignment is requimd to prevent RAM from
oocuning,

4. Return loss

ltre reh.rm los tndicates 0re Eralityof imped-
ane mahhinghtrveen the drivingsoura'and a
rcsonant phase rnodulator. Resonant rnodulators
am dCIigrrdto hart impedances wrydoee to
50 Q atremnane, and ahi$ mtum los indi-
cates a good impedance match bet*un fte dri-
vingsource andthe modulator, wlth ahidh
retum los, power transfer to the modu,.,ot O 

*

F{., 2, A Ffuss nfulalor betng drfin fi a natw nnd b tp
nt r*duto *.ountd on a hIoM 907 I ilt dW' I6e Wl
funtstwltcallYPolnrtM

A note about oPflcal damage:

ltre electrooptic crystals ud ln tlrese moduiatos
am srsceptible to optlcal damagethmugh ttre pho'

torehactht dfect, Photorefractiw drmap hmma
more of a prublern for higlr optical povnrs, shott
wavelengltu, nnd u$tly focused bearns. Table I

bagp l i) lists modmum e$€rage pontr letrcls abotte
whtch optical damage willoccur. Nelwlocus also
ofrers rnodulators wlth Mg0-dopd UllbO3 crlstrls
which haw hlgher darnage ttu$holds.

'lhe pholordractire damage procest can oocur grad-

ually over days or hous, or; for high opllcd pouen

and shorlwarelengths, thls effoct can occur fltr sec-
onds. A damaged crystal will distort a hanr, usually
by elongatlng lt in he wrtical direction, If operating
cioae to the damagethrcshold, itis a good idea h

monitor the transmitted beam perlodically for indi-

cations of optical damage' Photonftactirt damage
can be partially rcvemd by camfully annea'llng the
crystal;please contact Nev Foas for delatls on this
pmcedurc.
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Speclfratlorcfor the 400X $eiles
electro+oPtb Phrce modulators.

optimized, and reflecudponrer, which canhrm

RF drivers, is minlmlzd.

ttre rtturn los indicatts the lrartlon of RF powr

reflected fiom the modulatorbackto tlre drittr

when tlre modulator is driven at ibnsonant fie-

qu€ncy. Fol apower aflecttonodlcient^R, he

r€hrn lss in dB i5 -10 togF, AII New Foqs reso-

nant phase modulaton an testod by meaudng

rcum lmstremus frcqwncyamund the modula-

tion fitquency. The results of this trstartprovid-

ed a the rear of tlrls manual'

!.Yoltage 3l6dlng$ave Bdo (Y$Sm)

VSWR, like eturn los, is anotlraway t0 sgectfy

the quality of impdane mahhing htvmen RF

dfler and rsonant rnodulator' It Js dellned as

ttrevoltage ratio betrleenthe ma'rimum and

minimum of the standing werc thai oocttts

becatrse of an irnpdane m'smatclr' A VSWR

value of 1 tndicates a perfatly matched qnEm'

Glven a mturn losRtr (in dg), thetISVR canbe

found fiorn

l+ lo-e/Dusw=@.
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Model Number:

&rialNumber:

Frcquency;

Warclengthl

Input RF Power:

Rehrm [,oss:

TSTVR:
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