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1. Introduction y'Exis iletron rologrphy @irA I is powerful interferometri method rried out in rnsmission iletron wirosopy @iwA whih enles to reoE ver the phse shift tht the fst eletron em experienes when interting with ny eletrostti ndGor mgneti (eldF his intertion etween the inident eletron em nd the eletromgneti (eld is desried y the ehronovEfohm e'et @efA P using the following expression X @rA a C E Z I V @r; zAdz e V is the eletrostti potentil H is the mgneti )ux quntum equl to h Pe where e nd h re respetively the elementry hrge nd the lnk onstntF H % P:HTVIH IS W bF A z is the omponent of the mgneti potentil vetor prllel to the eletron em nd is thus linked to mgneti indution grdients in the imge P plneF B c is the omponent of the mgneti indution perpendiulr to oth r nd zF ine the ef e'et ws experimentlly een demonstrted using o'Exis ir y onomur ID eletron interferometry ws used s n e0ient tool for the quntittive mpping of eletrostti nd mgneti (elds ppering within nd round smple with nnometer sptil resolution QD RD SD TD UD VD WD IHF ir hs lso een proved to e sensitive to the tomi displement @nd so the strin (eldsA y studying the phse shift etween di'rted ems through the hrkEpield iletron rologrphy tehnique IID IP whih is prtilly desried s woirés methodF e woirés pttern onsists on interferene fringes resulting of the superimposition of two sptil periodi struturesF es resultD moduE ltion of the imge intensity ppers within the ptternF e simple distintion etween woirés pttern nd ir n e drw y the prt of the wve under interest X woirés fringes pper s hnges in the mplitude of the exit eletron wve while ir ims t retrieving the full exit wveD mostly fousing on its phse prtF woirés method hs intensively een used in iw for dedes for the study of ltties deformtion X stking fults IQD rystl orienttion IRD dislotions ISD grphene stks mislignments ITD IUD IVD thikness estimtion IW re some of the struturl properties tht n een studied using woirés ptternsF wore reently woirés method hs een implemented in high resolution iw PH X the iw woirés fringes for regulrly periodi lttie rise when the Q intervl of pixels de(ned y the snning step is lose to lttie sping of rystlline or to multiple of itF he tehnique desried in this pper omines iletron rologrphy nd woirés ptterns to improve the (eld sensitivity hievle in iw through frequeny study nd to develop the soElled hynmil rologrphi woirés @hrw A meE thodF he si ide of hrw is to superimpose two hologrms otined on sme re of n ojet whih is periodilly stted in two di'erent ut ontrolE led on(gurtions @either eletrostti or mgnetiAF he overlpping of oth hologrms gives rise to woirés ontrsts in the (nl mplitude imge rried out y the fringes of the hologrmsF his ide lredy proposed in optil interferometry is sed on the soElled doule exposure tehnique @or hologrphi interferometryA nd ws formerly he only feture required in our experiment is to e le to swith the hrge stte of the sphere without ny other modi(tion of the optil system duE ring the quisition timeF e de(ne two oherent eletron wves l;r @r; sA a A l;r @r; sAexp@i l;r @r; sAA pssing on the left @lA nd the right @rA side of wölE lenstedt iprism whih n e overlpped y pplying suitle voltge on the iprismF s orresponds only to the ojet ontriution to the phse @eFgF the hrge of the virtul sphereAF he resulting interferene pttern @iFeF the hologrmA ontins the phse di'erene etween the two ems ¡@r; sA a l;s @r; sA r;s @r; sA ut lso the phse distortions oming from the mirosope setup @rAF pigF IF presents ¡@r; sA C @r; sA for simulted positive hrge T 

U

where we dded the experimentl phse distortions from mirosope setup @projetor lens of rithi rpQQHHg nd qtn IHHH ggh merAF he intensity of orresponding hologrm with sptil wve vetor k 0 @pigF IFA n e written s X I H @r; sA a jA l @r; sAj P CjA r @r; sAj P CPA l @r; sAA r @r; sAcos @k 0 ¡ r C ¡@r; sA C @rAA @IA his hologrm displys fringe deformtion oming from the eletri (eld generted y the sphereF he phse di'erene etween the two ems ¡@r; sA is usully extrted y pourier (ltering while the phse distortions @rA re removed reording referene hologrm in the vuum or knowing the di'erent ontriutions to the phse distortions @projetor lensD ggh merDFFFA QQF he pigF IFd shows the sme hologrm for n opposite hrgeF he reorded imge using the doule exposure method orresponds to simple ddition of the hlf intensity of oth previous hologrms where s I nd s P desE rie two di'erent hrge sttes @here opposite sttes with s I a s P A X I DHM @rA a I P @I H @r; s I A C I H @r; s P AA a jA l @r; s I Aj P C jA r @r; s P Aj P C A l @r; s I AA r @r; s P A @cos @k 0 ¡ r C ¡@r; s I A C @rAAA C cos @k 0 ¡ r C ¡@r; s P AA C @rAA whih n e rewritten into I DHM @rA a jA l @r; s I Aj P C jA r @r; s P Aj P C PA l @r; s I AA r @r; s P A cos ¡@r; s I A ¡@r; s P A P cos k 0 ¡ r C ¡@r; s I A C ¡@r; s P A P C @rA ; V his simple mthemtil desription shows tht the mplitude of the holoE grphi fringes is modulted y the osine of the phse di'erene ¡@r; s I A ¡@r; s P A etween oth superimposed sttesF his ssoited osine term GG jcos ¡@r;s1A ¡@r;s2A P j then orresponds to the envelop funtion of these hoE logrphi fringes nd is the origin of the woirés ontrstsF xote tht this term does not depend on the hologrphi fringe periodiity i. 

  re the Ph vetor in the ojet=onjugted plnes nd the oordiE ntes long the optil xis respetively C E is n eletron wvelength relted onstnt

  used in photoni enhF es exmples of pplitionD it enled to ess vE ritions of gs distriution during n r dishrge or to the mrosopi deE formtion of given ojets under externl stress PID PPF st ws then (rstly implemented in eletron mirosope QH yers go PQ nd pplied to o'Exis ir experiments on eletromgneti (elds PRD PSD PTF he doule exposure tehnique presents di'erent dvntgesF pirst t ll the signl n e diretly visulized nd interpreted from the otined imge y oserving the modultion of the mplitude of fringesF eondly it is not neessry to orret the hrw pttern for ny perturtions of the referene wve @s it hs to e done for irA s these perturtions do not ontriute to the modulted mplitude if they remin the sme for oth hologrms whih R will e overlppedF pinlly the woirés ontrsts linked to the reltive signl etween oth hologrms re not in)uened y the distortions originting from the mirosope setup @projetor lensD merDFFFA s they remin identil for ll imges reorded t the sme mgni(tionF hese dvntges explin why the use of suh tehnique ws initilly mndtory for simply nd quntittively mpping eletromgneti informtion t lrge sle of pure phse ojetsF en exhustive nd omplete review of this tehnique n e found in ref PUF houle exposure ir hs een further developed y vrious groups to improve the phse sensitivity y implementing vrious wvefront tilting PVD PW or interE fering wves numer QHD QIF roweverD the min drwk of this method is lower sptil resolution nd lower sensitivity to wek signls ompred to the ones otined in o'Exis irF sn dditionD the superimposition etween oth hologrms requires to neessry reord the hologrms with identil onditions nd to ontrol the signl hnge etween themF sn dditionD the emergene of omputtionl hologrm tretment s well s the gret improvement of ggh mers with high pixels densityD fst quisition rte nd high pixel dynmi turned out this tehnique less used with respet to hievle modern methods @pst pourier tretmentA whih re less time onsuming for n improved sensitivityF xeverthelessD rowsing the nuE merous tehniques ommonly used in industril interferometri hologrphyD it ppers tht the doule exposure method is somehow the preliminry step toE wrds dynmil hrteriztion tools like the soElled real time nd time average hologrphi interferometry QPF S he purpose of this pper is to show the implementtion of the timeEverge hologrphi interferometry in iw using the omintion of o'Exis ir nd in situ tehniquesF e highlight in the following the hrw pilities with two di'erent in situ ir experiments X the (rst onerns the mesurement of mgneti indution generted y writer pole of rrd hisk hrive @rhhA s funtion of the eg urrent sent into its oils nd the seond is the eletrostti (eld emnting from ised ron nnotue studied in situ y irF 2. Methods he hrw method is depited y n illustrtion using the lulted eleE trostti (eld from virtul hrged sphereF vet us onsider tht the hrge stte of suh sphere n e modulted etween positive nd negtive stteF
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 1 Figure 1: a) Phase image simulation of a sphere with a positive charge of 100 e (eld of view equal to 1 m). b) Phase image simulation of the same sphere including experimental phase distortions due to the microscope setup (projector lens and CCD camera). c) and d) Simulated holograms for a positive and negative charge respectively. e) Double exposure hologram (interferogram) corresponding to the addition of the two previous hologram. f) Electrostatic map obtained from the amplitude analysis of the interferogram in (f).
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 45 Figure 2: O-axis electron holography performed on a HDD writing head reported in [34]. a and b) Wrapped magnetic phase images obtained for a current injected of CTHmA and THmA respectively. c and d) Half sum and half dierence of the phase images displayed in a and b revealing respectively the pole and shield contributions

  entisri @idsFAD edvnes in smging nd iletron hysisD olF olume IPQ of wirosopyD petrosopyD rologrphy nd grystllogrphy with iletronsD ilsevierD PHHPD ppF PHU!PPQF v http://www.sciencedirect.com/science/article/pii/S1076567002800647 PV F uD tF indoD eF onomurD righly sensitive moire tehnique for diret nd relEtime oservtion of eletron mirosopi phse ojetsD epplied QH hysis vetters TH @PQA @IWWPA PVRH!PVRPF doi XIHFIHTQGIFIHTVRIF v http://scitation.aip.org/content/aip/journal/apl/60/23/10.1063/1.106841 PW eF yhshitD wF ykuhrD gF wtsuyD uF rtD uF sidD hiret visuE liztion of eletromgneti miro(elds y superposition of two kinds of eletron hologrmsD wirohimi et ISS @IEPA @PHHTA PPS!PPVF doi XIHFIHHUGsHHTHREHHTEHSRUERF v http://link.springer.com/article/10.1007/s00604-006-0547-4 QH F rirymD qF viD F njiD xF nkD eF onomurD snterferene of three eletron wves y two iprisms nd its pplition to diret visuliztion of eletromgneti (elds in smll regionsD tournl of epplied hysis VP @PA @IWWUA SPP!SPUF doi XIHFIHTQGIFQTSTIHF v http://scitation.aip.org/content/aip/journal/jap/82/2/10.1063/1.365610 QI uF wiyshitD uF mmotoD F rirymD F njiD hiret oservtion of eletrostti miro(elds y fourEeletronEwve interferene using two eletron iprismsD tournl of iletron wirosopy SQ @TA @PHHRA SUU!SVPF doi XIHFIHWQGjmiroGdfhHURF v http://jmicro.oxfordjournals.org/content/53/6/577 QP wsqsivus ulD snterférométrie hologrphique prinipesD ehniques de l9ingénieur yptique physique se doumentire X sfSPVhy @refF rtile X fQQRSAF v http://www.techniques-ingenieur.fr/base-documentaire/sciences-fondamentales-th8/opti QQ pF rueD gF vF tohnsonD F vrtigueEuorinekD qF ngD F F fusekD QI wF tF rythD glirtion of projetor lens distortionsD tournl of iletron wirosopy SR @QA @PHHSA IVI!IWHF doi XIHFIHWQGjmiroGd(HRPF v http://jmicro.oxfordjournals.org/cgi/doi/10.1093/jmicro/dfi042 QR tF pF iinsleD gF qtelD eF wsseoeufD F goursD wF eF fshirD wF quinsD F wF fowmnD iF noekD sn situ eletron hologrphy of the dynmi mgneti (eld emnting from hrdEdisk drive writerD xno eserh @PHIRA I!Wdoi XIHFIHHUGsIPPUREHIREHTIHEHF v http://link.springer.com/article/10.1007/s12274-014-0610-0 QS vF de unoopD pF roudellierD gF qtelD eF wsseoeufD wF wonthiouxD wF r¸thD hetermining the work funtion of old (eld emitter y moE deling nd in situ eletron hologrphyD wiron sn pressF QT iF olklD vF pF ellrdD hF gF toyD sntrodution to iletron rologrphyD uluwer edemiGlenum ulishersD xew orkD IWWWF QU tF F uimD F vqrngeD fF F eedD wF vF heriD wF F ermstrongD F iF uingD xF hF frowningD qF rF gmpellD smging of trnsient strutures using nnoseond in situ temD iene QPI @SVWSA @PHHVA IRUP!IRUSF QV eF rF ewilD pourEhimensionl iletron wirosopyD iene QPV @SWUSA @PHIHA IVU!IWQF doi XIHFIIPTGsieneFIITTIQSF v http://www.sciencemag.org/cgi/content/abstract/328/5975/187 QP
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