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Ever increasing demands for miniaturization and processing speed of modern micro-
processors set high demands to digital information communication techniques, which
must be capable of processing larger and larger amounts of data in small and small
amounts of times. Interconnects in microprocessors are today made of small copper
wires and the digital information is processed from A to B by means of electrical cur-
rents. It isthese copper nterconnects that, to a high extent, limit the speed of modern
microprocessors, becanse the miniaturization of electronic wires strongly increases the
propagation delay of the signals [16]. The performance of the transistors, on the other
hand, increases when scaled down. Thuos the communication speed of electronics is
limited by the RC-delay in the wires which, in a simple picture, is proportional to
the length squared and inverse proportional to the cross sectional area of the wire.

2.1 Gidi thigu

Su gia ting khong nging nhu cau t6i thiéu hoa kich thude va ting toc do xir
ly cua cac bo vi xtt ly hién dai da dat ra thach thuc 16n cho cac k¥ thuat
truyén théng thong tin sd, budc ching phai c6 kha nang xa Iy mot luong di
li¢u ngay cang lon trong nhitng khoang thoi gian ngay cang nhé hon. Hi¢n
nay céc lién két trong céac bo vi xir Iy dugc ché tao bang cac day déng nho va
thong tin s6 duoc truyén tir A dén B thdng qua cac dong dién. Viéc sir dung
cac lién két dong gay tré ngai rat nhiéu cho viéc ting tbe do cta cac bo vi xur
ly hién dai, vi giam kich thudc cua cac day dién tir 1am ting manh do tré lan
truyén cua cac tin hiéu [16]. Mit khéc, hiéu suat hoat dong cua cac transistor
s& tang khi giam kich thudc. Do d6, tbe d6 truyén théng cua mach dién tir bi
chi phdi boi @6 tré RC trong cac day, trong cau trac don gian, dai luong nay
ty 1¢ thuan voi binh phuong chiéu dai va ty 1& nghich véi tiét dién cua day.

lIvm-v..P.mth ;1:‘ the length im-nlu;«m« Lil.l:l1'|. as the wires are miniaturized in cross section

the propagation delay increases. As an alternative to electronic interconnects on-chip

optical data processing can be considered. However, even though optical communi-

cation is strongly superior to electronic in terms of operational bandwidth [37], it

suffers from one great limitation; the diffraction limit. The size of regular optical

wavegiides cannot be smaller than half of the operational wavelength of the light

that they transmit. Standard fibers for optical comnmnication are therefore quite

large compared to electronic interconnects [16]. This means that optical fibers and
electronic interconnects are difficult to comhbine within the same circuit [16].

Do d6, khi d6 dai tang va tiét dién day giam, do tré lan truyén sé ting. Thay
vi cac lién két dién tir, ching ta c6 thé ding cac phuong phap xt ly dit liéu
quang hoc trén chip. Tuy nhién, mac du truyén théng quang hoc c6 nhiéu uu
diém vuot troi hon so vai truyén théng dién tir xét theo bang théng hoat
dong [37], né ciing c6 mdt nhuge diém rat I6n: gigi han nhidu xa. Kich
thudc cua 6ng dan soéng quang hoc thong thuong khdng thé nho hon nira
budc séng hoat dong cua anh séng truyén trong 6ng dan song d6. Do do,
kich thudc cua cac sgi quang tiéu chuan trong truyén théng quang hoc kha
I6n so véi cac lién két dién tir [16]. Diéu nay co nghia 1a kho c6 thé hop nhat
cac soi quang va cac lién két dién tir trong cing mot mach [16].



For an 13[:ti('ill technology to be feasible to be utilized as a substitution of elec-
tronics one involuntary demand is that the wavegnides must be capable of confining
and directing light signals in dimensions which are much smaller than the operating
wavelength of the light, i.e. subwavelength optical components must be realized. The
hybrid nature of SPP propagation along metallic nano-waveguides is one approach
to circumvent the problem with the diffraction limit of regular photonic components
[37]. As described in Chap. 1. a SPP s a hybrid phenomenon, where the electromag-
netic field of the photons is trapped on the surface due to its interaction with the
free conduction electrons of the metal. As a consequence of this interaction, SPPs

DPé cong nghé quang hoc co thé thay thé duoc cho cdng nghé dién tir, ong
dan song phai c6 kha niang giam cAm va dan tin hiéu anh sang & nhitng kich
thuéc nho hon budc séng hoat dong cua anh sang, tac 1a ching ta phai ché
tao duoc cac thiét bi quang hoc kich thudc nho hon budc séng. Ban chat lai
hoa cta qué trinh lan truyén SPP trong cac 6ng dian séng nano kim loai gidp
chdng ta cé thé khac phuc dugc cac van dé di kém véi giéi han nhiéu xa cua
cac thanh phan (thiét bi) photonic thong thuong [37]. Nhu da dé cap ¢ Chl,
SPP 1a mot hién tugng lai hoa, trong d6 trudng dién tir cua cac photon bi bay
trén bé mat do tuong tac cua nd Vi cac electron tu do cua kim loai. Do hé
qua cua tuong tac nay, cac SPP

example of a one dimensional 8PP waveguide, where the electromagnetic field of the

SPP is confined in the dimension perpendicular to the film plane. Due to the Ohmic

losses in the metal there exists a tradeoff between confinement and propagation length

of 5PPs. This can easily be illustrated by contemplating the two super-5PF modes

supported by a thin metal film. The LR-5PF mode is close to the light line and thus

locsely confined but propagates far when compared to the SR-5PP mode which is

strongly confined to the wavegnide. The tradeoft between confinement and propaga-
tion length of the SPP modes is an intrinsic problem of plasmonic waveguides. In

Vi du vé dng din sng SPP mét chiéu, trong d6 truong dién tir cua SPP bi
giam cam theo hudng vudng goc véi mit phang mang. Do ton hao Ohmic
trong kim loai, s& c6 sy rang budc gitra kha ning giam cam va do dai lan
truyén ciia cac SPP. Ching ta c6 thé dé dang hiéu duoc diéu nay khi suy
nghi vé truong hop mot mang kim loai mong chi ¢6 hai siéu mode SPP.
Mode LR-SPP gan véi light line (duong day truyén anh sang) va do do6 bi
giam cam 1ong léo nhung c6 thé lan truyén xa hon so v§i mode SR-SPP bi
giam cam manh trong dng dan séng. Su rang budc giita mirc d6 giam cam va
chiéu dai lan truyén cua cac mode SPP 1a mot khé khin ¢ hiru cua céc ong
dan séng plasmonic.



order to achieve compact integrated plasmonic components, waveguides with strongly
confined SPP fields are an involintary requirement. Without a strong confinement
of the modes, it is impossible to miniaturize and simultaneously obtain a low level of
cross-talk between different waveguides. On the other hand, it is also important that
the signals reach their destinations, thus it is important that the SPP modes have
long propagation lengths. Hence, the optimization of different metallic wavegunides
which simmultanecusly sustain strong confinements and large propagation lengths is
one of the primary tasks within research of plasmonic wavegnides.

bé c6 duogc cac thiet bi plasmonic tich hop gon nhe, cac ong dan séng cung
Va1 cac truong SPP giam cam manh [a mot yéu cau tién quyet. Néu khong
thé giam cam manh cac mode chung ta khong thé toi thiéu hoéa kich thudc
dong thoi giam nhiéu xuyén kénh gitra cac ong dan song khac nhau. Mait
khac, van dé quan trong la cac tin hiéu phai dén dugc nhitng noi can thiét, do
d6 cac mode SPP phai c6 do dai lan truyen Ién. Vi the, viéc toi wu hoda cac
ong dan song kim loai khac nhau duy tri dugc kha nang giam cam manh va
do dai lan truyen lon la nhitng nhiém vu trong yéu trong cac nghién cuu ve
ong dan séng plasmonic.
The usage of plasmonic wavegnides for future intermediate-level intra-chip inter-
connects has been investigated in Ref. [38]. The conclusion, was however, that plas-
monic interconnects are no obvious replacement of regular electric intermediate-level
interconnects. Because of the tradeoff between the mode size and propagation loss, it
is questionable if it ever will be possible to exploit plasmonic waveguides as intercon-
nects on the local level between transistors within microprocessors, however, many
other applications can be considered. Within plasmonics sensors, plasmonic waveg-
nides ecan be used to bring plasmonic signals in and out of the sensors. Plasmonic
waverilides can also be used as an interface between regular dielectric wavemides,

which are ideal for high speed data communication over longer distances, and regular
electronic interconnects on the transistor level [38].

Viéc st dung cac dng dan séng plasmonic cho cac lién két trong mét chip &
ting trung gian trong tuong lai ¢ duoc nghién ciu trong tai lieu tham khao
[38]. Tuy nhién, nghién ctu két luan rang cac lién két plasmonic chua han s&
thay thé céc lién két dién ting trung gian thong thuong. Do su rang buoc
gitta kich thuéc mode va ton hao lan truyén, cac nha nghién ciru dang dat
van dé co thé str dung céc 6ng dan séng plasmonic lam céc lién két ¢ tang
cuc b giita cac transistor trong cac bo vi xu ly, tuy nhién, nhiéu ang dung
khac ciing can duge xét dén. Trong cac cam bién plasmonic, ching ta c6 thé
st dung cac dng dan séng plasmonic dé dua tin hiéu plasmonic vao va ra
khoi cac cam bién. Cac 6ng dan song plasmonic ciing ¢6 thé dung lam giao
dién giita cac 6ng dan song dién moi thong thuong (nhitng dng dan séng nay
rat thich hop cho cdng nghé truyén di liéu toc do cao trén nhitng quing
duong dai) va céc lién két dién tir thong thuong & muc transistor [38]



A thin metal film which is infinite in the plane of the film (discussed in Sec. 1.4),

only offers one-dimensional field confinement of the SPP mode and is therefore of m-

ited practical interest as a plasmonic waveguide. For a plasmonic waveguide to have

practical interest, two dimensional field confinement in the plane transverse to the

propagation direction is a necessity. One of the most promising configurations, with

integrated optics in mind, which offers two-dimensional transverse fiekl confinement,

and which recently has been studied. is a thin metal strip embedded in a dielectric

[30-42].
Mot mang mong kim loai vé han trong mat phang mang (da dé cap trong
Phan 1) chi c6 thé giam cam mot chiéu mode SPP va do do kha nang ung
dung cua no cling bi han ché giong nhu ong dan séng plasmonic. Bé mot
ong dan song plamonic c6 thé tng dung duoc trong thuc t&, chdng can co
kha nang giam cam truong hai chiéu trong mat phang vuéng goc vaéi phuong
truyén. Mot trong nhitng cau hinh tiém nang nhat (dang xét trong quang hoc
tich hop) c6 kha nang giam cam truong ngang hai chiéu va da dugc nghién
ctru gan day la mot dai kim loai mong nhing trong di¢én moi [39-42]



