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Soon after the invention of laser in the 1960s, Franken et al. [1] observed the second-
harmonic generation (SHG) in crystalline quartz, which declared the birth of modern
nonlinear optics. Traditionally, optical nonlinear effect is significant only when the
strength of the incident light field is comparable to the internal binding electric field
strength of atoms |2, 3]. In this case, the light fields induce distortion of the atomic
electron cloud in the media, therefore, modify the optical properties such as the refrac-
tive index, absorption, polarization and susceptibility of the materials. On the other
hand, these changes in the optical properties of materials will inversely influence or
change the polarization, strength, and frequency of the light propagating in the ma-
terials. Laser, characterized by its good coherence and high intensity, provides a kind
of excellent light sources for the study of nonlinear optics, and the development of
nonlinear optics is always related to the advances of laser technology. These histori-
cal facts give one the impression that nonlinear optical (NLO) effects take place only
at high light intensities. With the development of laser technology, nonlinear optics
at high light intensities has achieved great success in the literature.

Mot thoi gian ngan sau khi phat minh ra laser vao nim 1960, Franken va cac
cong su [1] da phat hién hiéu suat phat séng hai bac hai (SHG) trong tinh thé
thach anh, d6 ciing 14 ngay sinh cta quang phi tuyén hién dai. Theo truyén
théng, hiéu tng quang phi tuyén chi dang ké khi cudng d6 cia trudng anh
sang tai vao cd trudng dién lién két bén trong caa cac nguyén ti [2,3]. Trong
trrong hop nay, truong anh sdng gay ra sy méo dam may dién tir trong moi
truong, do do, thay d6i cac tinh chat quang hoc chang han nhu chiét suat, hé
s6 hap thu, do phan cuc va d6 cam cua vat liéu. Mat khac, nhitng thay doi
trong tinh chat quang hoc cua vat liéu s& tac dong nguoc lai hoic thay doi
tinh chat phan cuc, cudng d6, va tan s cua anh sang truyén qua vat liéu.
Laser, mot ngudn anh sang két hop va cuong d6 cao, 1a mot ngudn sang
tuyét voi dé nghién ctu quang phi tuyén, va sy phat trién cua quang phi
tuyén ludn ludn lién quan dén su phét trién cong nghé laser. Nhiing su kién
lich sir nay nhan manh rang cac hiéu ung quang phi tuyén (NLO) chi xay ra
& cac cuong do cao. Voi su phat trién caa cong nghé laser, quang phi tuyén
& mic cudng do cao da dat dén nhitng thanh cong Ién trong nghién ciu.

In fact, almost at the same time of the observation of the SHG, photorefractive
effect, a typical NLO effect which can take place at weak light, was observed in Bell
laboratory [4]. In contrast to the NLO effects at high light intensities, weak-light NLO
effects can be observed at very low light intensities. Typical material systems include
photorefractive materials, electromagnetically induced transparency media, micro-/
nanostructures and microcavity, where NLO effects can be observed at a milli-watt
power level or even at a single photon level through enhancement mechanisms such
as quantum transport, quantum coherence, slow light, and light localization [5-13].
More interestingly, weak-light NLO effects can also be observed even with incoherent
light sources other than lasers at appropriate conditions [14, 15].



Thuc sy, hiéu tng chiét quang, mét hiéu ¢ng quang phi tuyén dién hinh c6
thé xay ra ¢ cudng do anh sang yéu duoc phat hién dong thoi ciing véi hiéu
ung SHG trong phong thi nghiém Bell [4]. Trai nguoc vai hiéu ing quang
phi tuyén cuong d6 cao, cac hiéu tng quang phi tuyén cudng do anh sang
yéu co thé xay ra & cuong do anh sang rat thip. Céc hé vat liéu thong thuong
bao gom cac vat liéu chiét quang, méi trudng trong subt cam tng dién ti,
cac vat liéu cau tric micro/nano va vi budng cong hudng, nhitng hiéu tng
quang phi tuyén cé thé quan sat dugc & mac cong suat mili Wat hoic tham
chi mac mot photon thong qua cic co ché ting cudng chang han nhu van
chuyén luong tir, két hop luong tir, anh séng cham, va cuc bo hda anh sang
[5-13]. Tha vi hon, nhitng hiéu tng quang phi tuyén anh sang yéu c6 thé
quan sat duoc ngay ca véi cac nguon anh sang khéng két hop (khéng phai
laser) & nhitg diéu kién thich hop.



