+PVSOBM PG 11ZTIDT % "QQMJFE
+ 11ZT % "QQM 11ZT QQ IUUQT EPJ PSH BDEC

FTJHO BOE DIBSBDUFSJTBUJPC
NVMUJ NPEF JOUFSGFSFODF SFC
GPS JOUFHSBUFE QIPUPOJDT

'5"MCFMBEJ4 (JMMHISBAMBCIBMIFUITISB '"PSSFBWB "MCJIJMBEJ
$1"MMGP9BRAFOH 5BOH ) : -JW 44IVUBOE1.4NPXUPO

4DIPPMPG11ZTIJDTBOE "TUSPOPNZ $BSEJGG 60JWFSTJUZ 5IF1BSBEF $BSEJGG $'
11ZTIDT %FQBSUNFOU 'BDVMUZ PG 4DJFODF 60JWFSTJUZ PG +FEEBI +FEEBI 4BV

11ZTIJDTBOE"TUSPOPNZ %FQBSUNFOU 'BDVMUZ PG 4DJFODF ,JOH4BVEG60OJWFSTJUZ
"SBCJB

%FQBSUNFOU PG &MFDUSPOJD BOE &MFDUSJDBM &0HJOFFSJOH 60JWFSTJUZ $PMMFH
-POEPO 60JUFE ,JOHEPN

& NBBMCFMBEJ'S!D BOENGCE BDOQIN!'DBSEJGG BD VL

3FDFIJWFE 'FCSVBSZ SFWIJTFE .BZ
"DDFQUFE GPS QVCMJDBUJPO +VOF
1VCMJITIFE +VOF

"CTUSBDU

*O"TRVBOUVN EPU SJEHF XBWFHVJEF MBTFSTDPNQSJTJOHTJOHMF QPSU NVM
JOUFSGFSFODF SFAFDUPST ..*3 BOETJOHMF DMFBWFE SFAFDUPSTBSFEFTJ
DIBSBDUFSJTFE UPEFNPOTUSBUFDBQBCIJMJUZGPSPQUPFMFDUSPOJD JOUF
L*3TIPXIIJHIWBMVET PG GVOEBNRPOUWE M QR HP BEAFMREMNWIMWNIUZ BHBJOTU
IJHIFS PSEFS NPEFT %FFQ FUDIFE ..*3 MBTFST GBCSJDBUFE XJUI NN MPOH I
UISFTIPMEDVSSFOUPG N*" DPNQBSFE UP N"GPSTUBOEBSE 'BCSZm1FSPUI
'l 38(MBTFSTPG UIFTBNF MFBBHEI GIPDIPBNQBSFE UP$ N"BU
..*3MBTFSTFYIJCJUTUBCMFHSPVGBOEBEBUFXQEBEBUDP 6 VIONBMM

GPPUQSJOU TPVSDFT GPSJOUFHSBUFE QIPUPOJDT

,FZXPSET QRUPOODFHIBBIFSOSFAFDUPST

4PNF AaHVSFTNBZBQQFBSJODPMPVS POMZJOUIFPOMJOF KPVSOBM

*OUSPEVDUJPO UIFCFTUQFSGPSNJOHMBTFST JOUFSNT

BCIMJUZ NVTFNJUUJOH *O"T RVBOWMYN EPU

.VDI XPSLJTDVSSFOUMZ GPDVTTFE PO XFWFHRQJDHRMBYGCPISININBRODF IBT P (
UIF JOUFHSBUJPO PG MJHIU TPVSDFMPRPAUIDPS Q NMRPIOFPFWMIENFR@BDOHUI TU S
BOE VMUIJNBUFMZ GPS UIF DP JOUF WHBBNIIPOVAFFO RURUPEGIIPBOEEFGIBEDFUT *U
USPOJD GVODUJPOT 1SPCBCMZ UIF NAFWPEOVMEBBOMWHBQQ BPBDRWOWBMWN TUIF 2¢
EJSFDUFQJUBYJBMHSPXUIPG ***m7 VNI EPOEVRVPOUNMQ TBIVMZI DGO BFBETF JO N
UP QPPSFS RVBMJUZ SFAFDUPST JT QBSI

QPTFT BEJGaAbVMUZ GPS ***m7 2% MBTFS

"VUIPSTUP XIPNBOZDPSSFTQPOEFODF TIPV\IYIBﬁbBEF-FﬁzggFLFPG BO JOUFHSBUFEDJSDVJ]

OSJHJOBMDPOUFOUGSPNUIJTXPSLEBFRV‘]STFEEBOEX”;SFDI?'BUFEGBDFUTDBO
PG BIFFBUJWF $PNNPOT "UUSJOY Z“]Eﬁ\gv—go PYTFT 'QMBZ B DSVDIBM SPMF,
UIFSEJTUSJCVUJPOPG UIJT XPSL NVTU NBJOUBIMEL I RYBMIdG RS UBbENISSPST
UJUMF PG UIF XPSL KPVSOBM DJUBUJPOBOEWHFUFSNJOFT UIF UISFTIPME DVSSFOU J

1SJOUFE JO UIF 6, ¥ 5IF"VUIPS T 1VCMJTIFECZ *01 1VCMJ


https://creativecommons.org/licenses/by/4.0/

+ 11ZT % "QQM 11ZT '5"MCFMBE]J

EFQFOEFODF UIFBNPVOUPG MJHIUU MMIR length

UIFPWFSBMM FGaDJFODZ PG UIF MBTa-
JNQPSUBOUJO2% MBTFSTCFDBVTF P Cleaved facet
HBJOBOE IBT QSPEVDFE UIF MPXFTU | W

BOZ UZQF PSS BIBEPBO JNQSPWF UIF ¢
MBTPFEST < wG_w
AFWFSBM EJGGFSFOU SFAFDUPS Uz
QIPUPOJD JOUFHSBUFE DJSDVJUT BC
JOUFHSBUFE MBTFST 5IFTF JODMVE
EJTUSJCVUFE GFFECBDL %'# FMFEN
VUFE #SBHH SFAFDUPST %#3T BOE N
QSPT BOE DPOT $MFBWFE GBDFUT Db.
PG UIF JOUFHSBUFE DJSDVJU BOE Fl
TMJHIUMZ MPXFS SFAFDUJWJUZ EVF
BOE SPVHBPOWIBIU<DBO CF JOUSPEVDFIE
QSPDFTT %%'¥XTJDI DBO CF PG UIF TJE
UzQer ¥YP BWPJE MPDBMJTFE PS NVMIL
QIPUPOJD DSZTUBM PS EFFQ FUDIFE
MBUUFS XJUIPOMZBGFXHSBUJOHQF
JUZ )PXFWFS UIFTF HFOFSBMMZ SFF
UIF GFBUVSF TJ[F SFRVJSFE JODSFE
UJNF 'VSUIFSNPSF UIFDPNCJOBUJP
GPS UIFTF aOF GFBUVSFE EFFQ FUD

SJDBUJPO SFRVIJSFE GPS PUIFS QSPDri11 1ury1 yuuorbiri ubuouubulJPO
DPNQMFYJUZ DPOTIEFSBCMZ IG UIF QESGPSMBARE RS BIMM DPNORQFOMT Fsr s

JTUP CFNBJOUBJOFE 8IJMF aSTU PSHF i HSBH PRHTS FRVYISMX sZRBMNETT UiBO
MJUIPHSBQIZ GPS NPTU XBWFMFOHULKT PEF 3 DWIFPHFTI GRI MG UFHIEBEEUFESJICV U

QIPUPOJDT IJHIFSVM>SEFIS WEEWFF@HTTVHHFTY#E UIF QPTIJUJPO PG UXP TVQFSJINQPT
GPS TUBOEBMRMOF MBIRFSIPET BCPWEBBTESPYJIN

BUFME DBO CF BDIJFWFE VTJOH QIPUPMJUIPHSBQIZ XI1JDIJT

BMSFBEZ NVMUJQMF PSEFS HSBUJOH%F P

Laser cavity length

o
-
P23

= N "OJODSFBTF PG UIF %#3 QF

$ER d:"h?r' Y ES I uIP o
|IJHIEJGGSBDUJPOPSEFST FNJUUJOH, A AR S
TUSVDUVSF XBWFHVJEF JODSFBTJOH f 5 gg e
<> $POTFRVFOUMZ JODSFBTJOH %43 0ESIPE, S EET o
BMUZ PO UIF MBTFS QFSGPSNBODF XLESFE 3 S S S
JTJODSFBTFE BOE UIF MBTFS FGaDJF, V&; TEQ D e

T SJT SFF

XJUI'BCSZm1FSPU MBTFST PG UIFPRB ZP Jd E%@I%D 7
NJSSPST DBO CF IJHIMZ SFAFDUJWF CV, R I'—M: g\lg‘#éu%: N E
GPPUQSJOU PO DIJOQNRS NI\FJTODBHS/IEFJFEJ;’ IPI?t ;(%SE IIZBH:;T]D E MJE’?PN(EEZMN
UIFGBCSJDBUJPO SFRVJSFNFOUPG V\Eoo P gg%%{l%ég?.\?&ipg%TiﬂémmF MBT.F.‘
JNJTFUIF CFOEMPTT < . )
JFSF XF GPDVT PO UIF NVMUJ NPEFUIF Féasl.: FITES\QS)FI’:EI%?HD'%ﬁ:%g"_ESBGSFI,:SNNBBEOFDGFSF
..*3 < > XIJDI PGGFST BEWBOUB%E‘%I /Uﬁ]gﬁgf%\’b
SFAFDUJWJUZ BOE GPPUQSJOU BOE POT g J BOCFFGGFDUJWEF
XIFODSFBUJOH *O"T 2% TFNJDPOEVDUPS MBTFST
5l1F QSJODIJQMF PGB TIJOHMF QPSW . . "3 RBWJIDREXEFFTOHBIVSF
BOEJUTIPVMECFQPTTIJCMFUPDSFBUFUIJTUZQFPGEFWJIDF XJUI MPX
MPTTBOEJOBGPSNBUUIBUJT SFMB WIOWFINLE BOTTIN@ME JWFUUP IBWEBIHBUBLR O J
BOE QPMBSJ[BUJRO.< DBO BMTP CF BO® I NQIFSIBOU JT NVMUJ EJSFDUJPOBM
BOU FMFNFOU JO UIF MPPQ NJSSPS 6WQW SPBPJUBITUWPTEE XIBWHPEPGSPN UIBU I
TVQFSINQMNIUBSEPST GPSNJOH UIF . . *3BRIESFEJAUURPUBBTTVNQUJIPO UIBU UIF NJ
JOUFSOBM SFAFDUJPOPDDVST BOE MUJRQJUIMFINBEHMBIBIPIOPIDBW EFAMBBEIFE P
XBWFHVIJEF ..*T BSF FTUBCM3TBOE BBRJQBGBOUARGBM BOE VOJEJSFDUJPOBM I

XJEFMZ VTFE JO QIPUPOJD JOUFHSBUFE.D'ISSDVDBBSBOE PYRIBTXIXEH UIF DPNN
TQSFBEBOE TVDDFTTGVM VTF TVHHFTIPUPR F 20FFG GIH S STIPNGRBIXBMSFM 5 TRUBE MUF QE



+ 11ZT % "QQM 11ZT '5"MCFMBE]J

EME {MMU FDTD (m:rror} Fimmwave (EME)

MMI Output
FlmmWﬂVE OmniSim (FDTD)

Mirror reﬂecnwt y
Omnisim output

Jp
|
g
|

"JHVSFS5IF ..*3JT EJWJEFEJOUP UXP QBSUT BOFIJHFONPEFFYQBOTJPO &.& NFUIPEJT \
TUPSFEBOE MBVODIFEJOUP B 4a0OJUF EJGGFSFODFUJNF EPNBJO '%5% TJNVMBUJPO 5
&. & TINVMBUJPO 5IFPWFSMBQT XJUIUIFBDDFTT XBWFHVJEFNPEFTBSFUIFODBMDVME

TINVMBUFEVTJOHBO FIHFONPEF FYQBROXIQB O a&4B&BNOHEJ IC E ' BHRI SFEXT UIF JOUFC
aFMEJT UIFO TUPSFE BOE MBVODIFE SPAFDRRAGSIURVBIGICOHSES PR UJRNNSPVEFE B N F
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51F ..*3 SFAFDRUPWEIWEAFUFSNJIOFE G SPAHBIFFTNNSYSPS BOHMF UIFJOUFOTJUZ S
MBUJPO VTJOHUIF GPMMPXJOHFYQSGVOHEHBINFONBHMFRBO CF IJHIFS UIBO B
PCUBJOFEPWFSBXJEF XBWFMFOHUI SBO

RUPEB% PP 5IF..*3IBTNBYJNVNSFAFDUJWJUZBU EF
p P PQFSBUJOH XBWF WF®MUPRGGVOEBNFOU
X|F9F BOE BSF UIF JOQVU BOE PVUQ®RE FS GSPN UIF

* QSPQBHBUJOH JOUP PIRNUIBERFaFrDURLOIT EFTJHOFE BOE PQUBN FEFEQGWPIS

QPXFS BUNUMIESPS BOWEEPVUQVU QPXE@'NJ"SE@)S%#@@ﬁESGFSFOEFUNPFUDF"N‘UJD”F‘t
GSPNUIF..* CBDLJOUP UIF 38( PGMNMFRATBTPY FEHMASHU GSPN CPUI NJSSPS TJEF
USBUFTUIFNPEF QSPaMF XJUIJO UIFQABBUBEFORPE NP FE L Y FAIDRNWI &AW E
&. & TPMWFS '"JNNXBWF TPGUXBSF XBFQUBMbRE NPEFINIO/FYSBBFEQD d HVEFT
PQUJNVN MFOHUI PG UIF ..* J® PSP FSBOENBEPMNIEPSEFS 5SBRONP BRI GGE&HV EFT
PG UIF ..*XIJMF BO '%5% TPMWFS ONBQOEINW TBGRONFPEEF XEOTUFST UIF JOQVU QP
VTFE UP PQUJINJTFRIBISBAENODWIPD .PGINISEPSFS XIMM CF FRVBMMZ TQMJU
BOHMF BOE XBWFMFOHUI #Z EJWJEJCHYAPD.FPDDOYES U BR YBSOFOUSF>PEBTUIF |
BOE TFMFDUJWFMZBQQMZJOH FIJUIFSEPX® 300 SFHVEMNMMEBUIUSBUFT UIF QF
DBO CF PQUJIJNJTFEJO UFSNT PG TQFBOBGPBDDVY¥SBEBESOEBRMPEFBYJT GPS
BDDVSBDZBOEUIFTQFFEPG &.& BOE VORNVYNUD EBOFPBRNG B MIPEPBQ VU JO 58
'%5% DBO CF VUJMJTFE JT SFAFDUFBIBFX&QFSDFEOAEIO SRAFDUFE .
51 JTBQQSPBDIXBTVTFEUPPQUJINJII& BO *O"T 2% MBTFS XJUI
BEFFQFUDIFE XBWFHVJEF GPSUINVABBBIFE .* QFSGPSNT WFSZ FGabJFOUMZ B
EFTJHOFE GPS B MBZFS TUBDL XJUIl BOEGGRUMBWIFRPI@®EFYXAG IBWBUIF DPNCJC
TIPXOJO aBVSAF ..* MFOHUIJT PQNJNMDIFROHDEWP UIF UXP QPSUT PG UIF ..* JT |
BTTIPXOJO&GHYVBPSFBUFB MJHIUGPBUSUGVYDBROBQBXFS QFS @ P SIDFE GDEHJ
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