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Quang hoc phi tuyén
Céac hiéu (rng quang phi tuyén lién quan dén su phat hién anh sang vatrong tat ca cac thiét bi diéu bién quang
hoc duwoc thdo luan trong chwong 14. Trwdc nam 1960, cac hiéu ing quang phi tuyén nay la khac thuong va cac
hé théng quang hoc truyén thdng duoc phan tich bang ly thuyét tuyén tinh. Viéc bd qua cac hiéu (ng quang phi
tuyén la do khong thé tao ra cac trwong quang hoc manh. V&i sy kién ché tao thanh cong laser ruby clia
Theodore Harold Maiman vao thang 7 nam 1960 thi d& c6 mot ngudn anh sang manh co thé tao ra cac hiéu
(*ng quang phi tuyén (budng laser v&i cong tic Q cé dd sang 16n bang 102 1an dén hd quang thdy ngan &p suét
cao). Thi ngiém quang phi tuyén dau tién dwgc thic hién béi Peter A.Franken cung véi mot s6 nha nghién
clru khac & trwong dai hoc Michigan. Nhdm nghién clru Michigan dau tién da thuc hién thi nghiém phat séng
hai bac hai, sau do6 la thi nghiém chinh Ivu quang hoc. Linh vic quang phi tuyén da phét trién nhanh va ngay
nay n6 datrd thanh mét Iinh vuc nghién clru rong 16n va nang dong.
Ly thuyét ma ching ta xay dung cho quang hoc d& gia s rang : méi quan hé gilra dién trwong dat vao va dap
rng clia moi trwdng vat liéu latuyén tinh hay dé phan cuc

P=¢ 00X E
Dung laser thong thwong chang han nhu laser Nd:YAG, thi ¢d thé tao ra mdt xung 1Mw, véi dd rong xung 1a 1
nano gidy ( bang 10°s) & budc séng 1w m va dwdng kinh chum anh sang thong thudng 1& Imm? s8 cho ta mot
cudng do dién truong peak 1&10” V/m. Néu chiing ta tap trung chim anh sang ndy vao dién tich khoang A 2 thi
cudng do dién trudng co thé dat dén 10'° V/m. Cudng do dién trudng ndy vao bac cudng do dién trudng nguyén
tlr cho nén né qualén vavi vay khong thé xem méi quan hé gitta P va E latuyén tinh nita. Trong chwong nay,
chiing ta sé xét cac hiéu (ng quang phi tuyén bang cach gia st mdi quan hé gitta P vaE duoc miéu ta bdi chudi
[0y thira sau:

RW = F?O + Z)ﬁj E}N + leijl 42 E}N + Zl‘,)ﬁjl EjW1E|W2+ Iz )§j|mEleE|W2Em%+ Z|>§j| E,-WBW“r
J ) IE J.hm ]

Diéu nay co6 nghia la chiing ta gia sir rang cac hiéu (ng quang phi tuyén | a nhiéu loan nho Ién dic diém tuyén
tinh ma chdng ta d& miéu td. Moi s6 hang trong khai trién nay cd thé (ng v&i mot hién tuong dwoc quan séat
trong quang hoc.®®

1. S8 hang dau tién trong khai trién (ng v&i st phan cwc mot chiéu tirc thoi (o =0) clia vat liéu. M6i quan hé
clia s6 hang ndy véi quang hoc khong dé thay ngay, nhung c6 mét vai (ng dung quang hoc quan trong s dung
sir phan cuc nay. Hda dién la cac vat liéu thé hién tinh phan cuc dién khi nhiét do cua tinh thé thay doi, vat liéu
thé hién hiéu (rng nay cd cac 6 don vi cé cuc, tirc 1a 6 don vi cua tinh thé c6 mdémen luwdng cuc toan phan. Mudi
rochelle, Wurtizile, va dwong mia la cac vat liéu hda dién. Sy phan cwc cdm (ng nhiét d6 la khéng bén ma bi
trung hoa do sv di tri dién tich cla bé mat tinh thé. Do do, sy thay doi nhiét do diéu khién sv phan cuc.

~ AY 7 A -A 2 =-A > 7 = dT Y > 7 ~ 7 7 s = 7 7 - =A
Detector dwoc ché tao tlr cac vat liéu hoa dién chi nhay voi Y va chi co thé dap tng véi cac birc xa bién diéu,

chopper, cac dong xung birc xa. DEé ché tao cac detector nay, cac dién cuc dwoc gan vao céc tinh thé hoa dién
voi sy dinh hwdng vubng goc vai truc phan cuc. Blrc xa dén trén bé mat detector gay ra sw thay doi nhiét do cla
tinh thé qua hiéu (ng hoa dién va thay doi s phan cuc dién tirc thoi. MOt d ong dién duoc tao ra dé trung hoa si
phan cuc cdm (ng nhiét ty 1é vai sw thay doi nhiét do cua tinh thé. Tinh thé hoa dién duoc ding trong quang hoc
nhur mot detector phét xa dai rong va tng dung thuong mai ctia né la trong cac cong tic anh sang duoc kich
hoat bang nhiét. Vat liéu detector phd bién 1a LiTaO3.

Sat dién 1amot vat liéu hoa dién thé hién trt tw xa clia cac moomen lu&ng cuwc, tao ra s phan cuc tire thoi. Khi
dat vao dién truong ngodi chét sat dién sé hudng tng khac voi cac chét khac do su ton tai clia do phan cuc tuw
phét. S hudng (’ng nay tao ra dudng tré sat dién dwoc md ta hay v& nhu mdt ham phi tuyén tinh theo dién
trwong D=¢cg ¢ E.

Khi dat vao 1 dién trvong nguoc goi la trwong khang dién, dén khi dién trwong theo chiéu nguoc dd Ién cé sw
b&o hoa theo chiéu ngwoc vanéu quay nguoc dién truong cd su tré tuong tw. Do cac ddmen trong tinh thé giéng
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vGi cac domen trong vat liéu sat tir do do céac vat liéu sat dién cling t wong tw nhw cac vat liéu sat tir. Ba nhom sat
dién chinh dong vai tro nhu cac thanh vién dau tién.
S dung s quay trang thai phan cuc cla tirng domen riéng biét, sy thay déi khong gian cla tinh ludng chiét clia
vat liéu sit tir da dwoc tng dung vao cac man hinh quang hoc lvu tre vinh ciru.

Typical Members of Ferroelectric Classes

Crystal

Name Formula Group
Barium titanate BaTiOg m3m
KDP KH2PO4 42m
Rochelle salt NaK{CqH4105)-4HO 222

2. S6 hang tht hai trong khai trién la cac dap (ng quang hoc tuyén tinh binh thuong cua vat liéu
3. S6 hang thi* ba m0 t4 céc vat liéu tich cwc vé mat quang h oc.
4. S6 hang thi tv twvong tng voi cac qua trinh bac hai duoc liét ké trong bang 15.1.

BANG 15.1

Tan sd clia cac trvong téi [Tan s6 phan cuc
Quatrinh

0,0, 0, =0, +0, Tron tan so tong

o, ® =20, Sur phat song hai bac Il

o, ,0 0= Hiéu tng Pockels

®;,0, O, =0, —0, Sy tron tan so hiéu

o, o, =0 Hiéu ng dién quang nguwoc
chinh lvu mot chiéu

5. S0 hang tht 5 tuong (ng v&i cac qua trinh bac 3 duoc liét ké trong bang 15.2.
6. SO hang thtr 6 tuong (rng v&i cac hiéu (ng tlr quang. Khi o » = 0, s6 hang miéu ta hiéu rng Faraday.

Trong chuong nay, ta s& khao sat ngan gon mot s6 hiéu ting quang phi tuyén va tng dung ctia ching (dé biét
thém chi tiét, ban doc c6 thé tham khao mot s6 sach quang phi tuyén tlr 64 dén 66). Sy xay dwng ly thuyét
quang phi tuyén dwoc dwa vao chwong nay dua trén ly thuyét nhiéu loan dwoc néu & phu luc 15-A.
Sy phan cuc do dap ng phi tuyén clia ¢ & vat liéu vai song dién tir sé thu duoc tr Iy thuyét nhiéu loan. Tinh
chat phi tuyén cla vat liéu duoc dac trung qua mét tham sd dugc goi la dd cam dién moi phi tuyén. Vamot hé
so lién quan [a hé sé quang phi tuyén, nd & hitu dung hon trong thue nghiém. Vi vay, can phai rat ra moi quan
hé gitra hai tham s6 nay. Tinh toan vé hé so quang phi tuyén hiéu dung ctia mét I6p tinh thé sé d voc dwa vao
phu luc 15-C, con céc hé sb clia cac 16p tinh thé khac sé duoc liét ké dwdi dang bang. Giatri hé s6 quang phi
tuyén vat liéu duoc tinh bang cach dung mot quy luét dugc thao luan trong phu luc 15-B.
Céc phuong trinh maxwell duoc stv dung dé thu dwoc phuong trinh chuyén dong clia mot séng chuyén dong
truyén trong moi trwong phi tuyén duwdi dang tong quat nhat ctia ndé, phuong trinh nay lién quan dén 3 song
rng v&i moi song cd mdt tan s6. Giatri clia cac tan s6 tuan theo dinh luét bdo to an ning lwong vagiatri cla
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cac vector song tuan theo dinh luat bao toan dong lvgng. Ching ta sé dé y t¢i cac tredng hop hai tan s giong
nhau vabang o . Sy bdo toan nang lwvgng doi hoi tan sé thi ba phai bang 2 . Quatrinh phi tuyén lién quan dén
cac song nay duoc goi la sy phat song hai bac hai.

BANG 15.2

Tan s6 toi Tan s6 phan cuc
Quatrinh

O, 3w, Sir phat song hai bac 11

®,,0, O=0,+0,—0, Hiéu t'ng Raman

o, O =0, +0, -0, Hiéu tng Kerr quang hoc

0,5, 0g O =0, +0,+0, St tron ba tan s6

®;,0,,0, 0+ 0, =0, +0, S tron bon tan s

o, O =0, Chiét suat phu thudc cuong
do(sir lién hop pha)

o,,0 O=m, Hiéu rng Kerr

Tasé xét mot s6 phwong phap phiu hop dé dat dwoc sw bao toan dong lwvong trong sy phét song hai bac hai. Khi
diéu kién ddi xtng trong tinh thé thich hop thi co thé xay ra cac hiéu ng phi thuyén bac ba. Trong cac hiéu
ting quang phi tuyén bac 3, ching ta chi xét mot hiéu (ng dwoc goi lalién hop pha. Quatrinh nay dwgc dé cap
theo phuong phap chup anh toan ki va quatrinh nay duoc giai thich nhw la su thu anh toan ki déng. Sw phan cuc
vi mé dugc dinh nghia trong (8-19) la

P = Nex
Chuing ta s& ding tinh toan nhiéu loan bac nhat dé tinh s dich chuyén vi tri x cia mdt dao dong tr cwéng biic
voi sy phi tuyén bac hai duoc rit ra trong phu luc 15A ( 15A-6). Chiing ta cé thé viét dd phan cuc cudi cuing la

P =Nex' =P(»,)+P(w,)+P(w, + ®,) + P(0, - 0,) + P(20,) + P(20,) + P(0) (15.1)

Sau nay ching ta cé thé thay cac sd hang cla (15.1) xuét hién mot cach riéng biét do s bao toan dong lwong
(trong quang phi tuyén né duoc goi la sy hop pha), cho phép cac anh hwdng clia moi s6 hang phan cuc dwoc xét
mot cach riéng biét nén ta duva vao mot tham s6 mai duoc goi l1a dé6 cdm dién clia moi truong. M6 ta dap (ng
clla moi truong ddi véi treong, khi do:

x=(le,)-1=n’-1 (15.2)

NG [ahang s6 ti 18 gilra dién truong dit vao vasy phan cuc cam tng

P(®,) =y (o,)eE, (15.3)

N6i chung, x lamdt ham phirc nhwng néu gia st cac tan s6 cé lién quan la cach xatan s6 cong huéng thi cé
thé dugc xem la mdt ham thuc. DE tim sir phan cuc cam (ng déi vai hiéu ng phi tuyén bac hai, chiing ta st
dung nhiéu loan bac nhét thu duoc tir phu luc 15-A, hay s hang ) (15A —16) dé viét do cam cho moi thanh
phan tan sé.

S6 hang tan s co ban clia do cam la
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1 (®,) = (Ne/ (¢E,).X, (15.4)
Chuing tadung(15A-17) dé viét:
1O (@) = (N [g,m). (U (J(0F ~02)? +7 0] (155)
Pay la nghiém bac khong duoc goi 1a do cam tuyén tinh y @ (0) . N6 lamét s6 khéng c6 don vi va khdng phu
thudc vao don vi ciaP vaE. ‘
Thanh phan phi tuyén bac hai ctia do cdm dwgc dinh nghia bang phuwong trinh:
P(o; to,) =P (0,)=71" (wi to, )soEiEj

O day ching ta biéu thi cac s6 hang do md hinh nhiéu loan bac nhat nhw 12 dd cdm phi tuyén béc hai x(z). Taco
thé dung (15A-18) hodc (15A-19) dé viét do cam tan sO tong vatan so hiéu

@
X ((Di imj)z (Ne/SOEiEj)-Xi+j =

(N€’a, lsomz)/(\/(wiz—cog )2+y2wi2. (15.6)

.\/(coj2 —-0l)° +y20312.\/[(03i +®,;)° —m§]2+y2(coi +,)%)

S6 hang nay miéu ta twong tac tham s6. (Cac qua trinh tham s nay duoc dinh nghia trong chuong 14 khi thdo
luan vé hiéu (ng &m quang). Bét c* khi ndo o, =, , quéa trinh ndy duoc goi la suy bién. Cac quatrinh vt ly
dugc md ta bang dd cam nay dwoc chiathanh 5 nhém riéng biét.
1.S6 hang khuéch dai tham s6 dwoc ding dé chi ra rang sw chuyén doi bac latir song bom &

W, =0, + ,
sang song tin hiéu va sbng mang ¢ « vaw, . Néu ching ta dat vat liéu tao ra khuéch dai tham s6 v & trong mot
budng cong hwéng quang hoc (chang han nhu mét budng cong hudng Fabry- Perot ) dé chuyén sang song tin
hiéu, sing mang hoac ca hai thi chiing ta sé quan sat dwgc su dao dong tham s6.
2. Néu nang luvgng chuyén thanh tan s6 hai o, tlr séng tin hiéu hodc séng mang, thi qué trinh nay dwoc goi lasy
tao tan sO tong hodc su tao tan s6 hiéu.
3. Tan sé mang cuong do cao o, cd thé duoc dung dé dao tan so tin hiéu mic thdp », sang tan s6 ®, qua qua
trinh chuyén do6i nang tan s6. Qua trinh nay giéng nhu si tao tan so tdng ngoai trlr cuong do twong doi cla ba
song.
4. Boi v6i si tao tan so tong suy bién, & d6 o, =w,, dvgc goi lasy phét sdng hai bac hai. Chlng ta co thé rit ra
d6 cam cho s tao song hai bac hai bang cach dit , =0 vadung s6 hang thir nhét clia phurong trinh (15A-20)
trong phuong trinh giéng véi (15-4). Ching ta thu dwgc thanh phan do cam clia séng hai bac hai

(NE%a, 1 26,m?) / ([(@,~0,)* +7%0? | \/(40)12 02 ) +y240?) (15.7)

NEu chung ta dinh nghia (2) (2(0 ) la d6 cam suy bién duoc dung trong cong thirc (15-6), thi cong thic (15-7)
bang

1% (20)12
Thira s6 2 xuét hién do trong cong thirc (15-7), chi cé mot séng co ban duoc dwa vao trong khi trong cong th (e
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(15-6), thi c6 hai song co ban.y ? (20) c6 don vi la nghich dao ctia cwong do dién truong (trong hé don vi
MKSlam/V).

BANG 15.3 Mt s6 d6 cdm phi tuyén séng hai bac 2

Material Class Element X, 107 mv A, pm |
Te 32 111 1.0x10% 106 |
LiNbO3 3m 292 6.14 1.06
322 —-11.6
BaTiO3 4mm 131 —344 1.06
311 —36
333 —13.2
KDP 42m 123 0.98 1.06
312 0.94
LilO3 6 331 —-11.2 1.06
333 -8.4
CdSe 6mm 131 62 10.6
311 57
333 109
Gahs 43m 123 377 106

5. St chinh luu quang hoc lién quan dén thanh phan tan s8 khdng ctia do cdm, thu duoc bang cach ding (15A-
21). Sv chinh lvu quang hoc ¢é thé duwgc xem nhw la mot trvong hop dac biét clia sv tao tan so hiéu, trong do sv
chénh |&ch tan s6 bang khong. N6 lién quan dén hiéu (ng Pockels va cé thé dwoc xem nhu 1 hiéu (ng Pockels
nguoc.
D06 cam phi tuyén c6 thé dwoc ting cwong khi hoat dong gan tan sé cong hwéng sao cho ;2 - we” ~ 0. Can chl y
rang ¥ trong cong thirc (15-6) khong chi lamdt ham clia cac tan s6 dwoc dat vao macon la mot ham clia tan so
duoc tao ra . Diéu nay c6 nghia la x(m1 ,m2,03) ¢6 thé dwoc tang cuong khong chi khi o1 hodc o,
gan cong hwéng hap thu, macon khi o 3 gan tan sé hap thu.
Céc don vi thuong duoc dung trong céc tai liéu la cgs (Gaussian). DE chuyén tir don vi cgs sang don vi mks
ching tadua vao nhitng di* kién cta d6 phén cwc cho bdi céng thirc
m® 3x10°startC 10%cm K

10°%m® C < Pmks)

P(cgs) = (3%x10° ) P(mks) (15-8)
TU phu luc 2-B, cho ching ta méi quan hé gilra dién trudng trong hé don vi cgs va hé don vi mksva cho ta
codng thirc ( 15-9)

P(cgs)=Nex<= %:wtartc.cm:

Q)
™) _ X’ (csk) _ 4n )
X (mkS) - e0(3x104)[1(‘?9(105) - (3)(104)”-1 X (Cgs)

Mot s6 do cAm phi tuyén séng hai bac 2 duoc liét ké trong bang 15.3.

(15-9)

HE SO QUANG PHI TUYEN
x la dai lvgng duogc tinh toan bdi cac nhaly thuyét, nhung cac nha thuc nghiém do dwoc hé s6 quang phi
tuyén d va duoc dinh nghia &
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P2w) = d2o )E? cos(2m t — 2kx) (15-10)
BANG 15.4 Hé s6 phi tuyén tuong déi
Material A, um np Ne d, ref. KDP M, x107%
Te 5.3 4.86 6.3 2835
10.6 4.8 6.25 di1 = 1298
ADP 0.265 1.59 1,54 0.08
0.53 1.53 1.48 1.14
1.06 1.51 1.47 dig = 1.21
LiNbOz 0.53 2.33 2.23 3.03
1.06 2.24 2.16 dis =125
AgGaSes 53 261 2.58 8.68
10.6 2.59 2.56 dss =76
ZnGePs 5.3 3.11 3.15 146
10.6 3.07 3.11 dgg =173
CdGeasy 5.3 353 3.62 810
10.6 3.50 3.59 dzs =472

Tinh toan cong thirc (15-7) va (15-10) st cho mdi quan hé gitra hé s6 quang phi tuyén véi doé cam

Néla,

_ 2m?
di2e) = (15-11}
(02— 032 + Y202 [(4w? — wdP + y24o?

Hodc 2d20)= v P2o)

Chung ta co thé viét lai d theo dd cam tuyén tinh & song anh sang co ban vasong hai bac hai duoc cho bdi cong
thirc (15-5)
_amEe | o

d2e) = 37 KONV (20) (15-12)
Duing dinh nghta ctia y dwoc cho bdi cong thirc (15-2), ta thdy rang cong thic (15-12) phét biéu rang vt liéu
vGi chiét sudt cao cling sé& co hé s6 quang phi tuyén cao (xem bang 15.4). Theo kinh nghiém, ngudi ta thiy rang
ty s6 clia d trén hai d6 cdm gan bang mot hang s6 véi nhiéu vat lieu. Quy luat nay duoc goi 1a dinh Iy Miller,
duoc thao luan trong phu luc 15-B.
M&i quan hé gittacac hé s6 quang phi tuyén & trong hé don vi cgs va mks thu duoc tir cong thirc (15-9)

Orks(20) = (3.7 X 107 )dgs(200) (15-13)

Chung ta da xét cac tham sb x va d nhuw céac dai lwgng vo huéng, nhung trong thuc t€ ching la cac tensor hang

111, vi chding thiét 1ap méi quan hé gitra hai véc to véi mdt vector thir 3. Chang han do phan cuc doc theo hudng
X gan voi song co tan s6 oz, c6 quan hé vai trudng dién & tan s6 o1 va o, qua phuong trinh

Px (03) = yxx(@3) Ex(01) Ex(@2) + dxyy(03) Ey(01)Ey(m2)
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+ Oyzz(@3) Ez(01) EZ(02) + Oxzy(®3) E-(01) Ey(2)

+ dxyz((D3) Ey(@l) Ez(®2) + Oyox(3) Ex(01) Ex(02)

+ Oxz(@3) Ex(@1) Ez(02) + Oxxy(03) Ex(01) Ey(02)
+ Oyyx(03) Ey(@1) Ex(e2)

NGi chung, tensor hang Il ¢ 27 thanh phan, nhung so cac doi so doi xirng c6 thé dugc rit vé so cac sd hang
khéc khong trong tensors (ing voi tlrng twong tac phi tuyén cu thé.

MOoi truong khdng dan ( moi trudng khdng mat mat)

Trong mdi tredng khong dan, ching ta cé thé ding céc s6 ddi s6 nhu trong chwong 13 dé chiing minh rang th

tw viét E; vaEx lakhbng quan trong va

dijk = di ]

doi voi tat ca cac sw két hop cua i, j, vak; cac tan s6 phai hoan vi véi cac toa do dé cho dang thirc n ay ding.
Dang thirc nay cho phép s chuyén vi cla hai chi s6 cudi cung cla d vax véi mét, nhu dwoc thuc hién déi véi
céc hé so dién quang [xem phu luc 14-A (14A-1) dé thu dugc quy luat dwgc dung trong hodn vi]. Du¢i dang ma
tran, do phan cuc duoc viét la

Plws)

Pya3z) | =

P{w3} -
E{w1)Exlw?)
Ey(w1)Ey(wg)

dyz dia dis d
dir diz diz dia dis dis Ew1)Elw2)

doy doo dos doq dog d (15-14)
21 Tz T2s T2a T V) | E tw1)Eslwr) + Exlw1)Eylwg)
d31 dse dsz dag das dag

Ew)E {ws} + E;(w1)Ex(w2)
Ex(wl)Ey(WZ) + Ep(wl}Ex((U2) i

S d6i xirng tinh thé.

Sv d6i xirng tinh thé xac dinh cac s6 hang khac khong dij clia tensor; chang han néu tinh thé c6 d6i xting dao
tdt ca cac djjx bang khong, va gidm di téng s6 nhom diém tir 32 nhém diém dén 20 nhom diém. Ung dung clia
cac ddi sb doi xing thu duoc mot tensor voi cac s6 hang khac khdng twong tw nhw cac tensor trong hiéu (ng ap
dién vahiéu tng Pockels (xem phu luc 14-A).

M@i treong khdng tan sac.

Tensor hé s6 quang phi tuyén co thém tinh d6i xing va dugc don gian hon nita néu s tan sac trong vat liéu co
thé dwgc bo qua. Néu su phan cuwce phi tuyén chi do si chuyén dong clia dién tich vakhdng c6 cong huéng hap
thu trong ving phé chira w1 ,m, va o3 , S tan sac do phi tuyén co thé duoc bd qua vatat ca cac tan s6 dong vai
tro tvong duong nhau. Khi cac digu kién cla sy tan sac c6 thé duoc bo qua, tat ca cac yéu td dix cla tensors hé
639’ quang phi tuyén dugc hinh thanh bang cach hoan vi i, j, bang nhau, dwoc goi la diéu kién déi xing Kleinman.

BANG 15.5 Hé s6 quang phi tuyén hiéu dung
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Class 2 e-rays, 1 oray 2 o-rays, 1 e-ray

6 0 dig sin &

4 0 dis sin #

6mm 0 dis sin &

4mm 0 dis sin @

622 ¢
644 0 )

&m2 doz cos 8 cos 3¢ —dyz cos B sin 3¢

3m dop ¢OS 20 cos 3¢ 15 sin 8 — dyz cos & sin 3¢

6 {d11 sin 3¢ + dz2 cos 3d)cos 26 {d11 cos 3¢ ~ dgz sin 3¢)cos 8
3 {d11 sin 3¢ + doz cos 3¢} cos 2g dis sin & + {dy; cos 3¢ — dyz sin 3¢} cos §
32 d11 cos 26 sin 3¢ di1 cos & cos 3¢

4 {d1a cos 24 — di sin 2¢)sin 24 —{d14 sin 2¢ + di5 cos 2¢}sin £
42m dig sin 28 cos 2¢ —djq sin 8 sin 2¢

Chuing ta sé don gian tat ca hon nira bang cach thay tensor hé s6 quang phi tuyén bang tham s vo huéng duoc
goi 1a d hiéu dung, der. Cac phuong trinh ma chlng ta rit ra bang cach dung d hiéu dung c6 thé duoc phuc hoi
cho két qué ba chiéu bang cach cheén cac phrong trinh thich hop clia der . Khi tinh toan des , gia st rang hai song
phan cuc tuyén tinh tdi tinh thé lwdng chiét. Phrong trinh clia der  phu thudc vao 16p tinh thé, s phan cuc cla
song va huwéng vecstor séng doi véi truc quang hoc. Mot vi du vé tinh toan der dwoc minh hoa trong phu luc
15-C, cling v&i cac hé thic hinh hoc ctia 6 va ¢-. Bang 15.5 biéu thi dg d6i voi cac vat liéu c6 déi xing
Kleinman; mot danh sach hoan chinh hon nita c6 thé dugc tim thdy trong sach viét bdi Zemikeva Midwinter.®

SU LAN TRUYEN SONG TRONG MOI TR UONG PHI TUYEN

Hé s6 quang phi tuyén hiéu dung dan dén s phan cuwc phi tuyén hiéu dung; xem phu luc 14-C. Sy phan cuc phi
tuyén hiéu dung nay sé duoc dung dé rat ra cac phuong trinh blrc xa dién tir dwoc tao bdi twong tac phi tuyén.
Diém khdi dau cla cac tinh todn nay la cac phurong trinh Maxwell. Céc hé thirc co ban tir chrong 2 dugc diéu
chinh dé str dung cho sw phan cuc phi tuyén.

B=uH,J=0cE
D=¢E+ P (15-15)
—eoE+ coy E+ Py

Ching ta s€ gia st mdi trwdng la dong nhat va phi tir tinh , cho phép cac tham s6 ¢, ¢ vap dwgc xem nhu
khong doi doi véi toan tr V. Bay gi¢ chiing ta cd thé duing cac phrong trinh Maxwell dé xay dwng phuwong trinh
song theo cach tvong tv nhw ching ta dalam trong chuong 2.

Dao ham theo thoi gian cua (2-3) va (2-4) la:

2
vxE __ 9°H
ot o2
H 2F E ) (15-16)
(9_ _ d i_ “Pnr.
VX P =ep(1 +X)T:2 + o + Py

Varot cta nhitng phwong trinh tvong tv la
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VXVXE = —;Nx%—:
{15-17)

UxVxH =¢{1 + X)Vx%Et + o¢VXE

Két hop (15-16) va (15-172), ching ta thu duoc:

#°E B FPu
gtz T PO s TR T2

VXVXE + pep(l + x) =0 {15-18)

a'z_i-l+ G'ﬂ_l"”o
FTZT

VXVxH + uel(l + x)
Chang ta khong quan tdm dén phuong trinh lién quan dén truwong tir H vi vay ching ta don gian hda (15-18),
dung dong nhat thirc vector (2A-12). Ké&t qua clia viéc tinh toan cac phwong trinh Maxwell |a phrong trinh séng
doi véi moi treong phi tuyén:

9°E (3'2PN1_
ru
2

V2E - W&_E e (15-19)

at Jt2
Dé gidi thich y nghta vat ly clia phuong trinh séng phi tuyén, ching ta sé xét bai toan mot chiéu clia ba séng
phang c6 tan s6 w1 ,m, , vaws truyén theo huvdéng dwong cla truc z. Bién trvdng E clia ba séng phang cé dang :

E(w) = E = 3|Efz)e!“* ™ + E}(g)e” @t~k (15-20)

(chi s6 dudi dwoc dung trong phrong trinh nay duoc dung dé chi cac tan so lién quan téi song chir khong phai la
céc toa do bé Cac). ]
Bang cach thé ba séng phang nay vao phuwong trinh song, ching ta sé kham pha ra cac tinh chét ctia séng khi
ching la nghiém cuda phuong trinh song phi tuyén. Vé trai cta phuong trinh (15-19) duoc tinh toan dung gia
thiét rang sw thay doi theo zclia bién do phirc clia sdng anh sang nhé tirc 1&:

5E __ 8°E

i o

0z 0z
do do vé trai cta (15-19) <8 tré thanh:
VZE =3 (K E +2ik %)exp[i((oit-k;z)] rec
[chang ta dang dung céc ki hiéu dugc dua vao béi (1B-6) vac.c chi lién hgp phtrc
cc= El (k?E; - 2ik %)exp[-i(mit-kiz)] clia s6 hang dau tién].

Pao ham theo thoi gian cla dién trudng co thé viét lai bang cach ding (1-22). S6 hang duy nhét clia (15-19),
chuwa dwoc tinh trwvdc day lién quan dén Py.. Dinh nghia vé hé so quang phi tuyén ctia (15-10) c6 thé duoc tong
guét héathanh hé thiic sau day doi voi phan cuc phi tuyén do ba song:

Pne= Pa(o1) + Pu(o2) + Pn(os)
=d[E (02)E(ws)+ E (01)E(0s)+ E*(0 1)E(0 )]

Néu ching ta dung P (o 1) nhu mat vi du, dao ham béc hai theo thoi gian la

10
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9°Prr(w7)

oo = —(ws — w)’dE3Es exp{ ~illws — walt - (ks — koal} + cc.

{15-21)
Nghiém ctia phwong trinh song d6i véi ba song phang s& hoan toan dé néu ching ta cd thé xét mbi th anh phan
song mot cach riéng biét, nhung Py lién quan dén s két hop tan sd o1 + 2, m3-m2 va os-m1 . Diéu nay ngan
can sy don gian hoa phuong trinh néu khéng
mW3=m2 + M
Khi diéu nay ding chiing ta co thé tach phwong trinh séng thanh ba phwong trinh bién do ghép.
Phuong trinh ghép déi véi E; 1a

“l(k2E1 + 2iky O'PEzJ giltwit—kz) + Cc.Cc. =

E, .
(iwmal—wqu)?le'*wl*—kﬂ?+c.c. (15-22)

w?ud i
_[ 1; EsE; exp{i[wﬂ — {kz — kz)z]} + c.c.

0 day ching ta da dat tén ¢ va o theo tén cla tan sb trong truong hop tan séc dong vai tro quan trong. Néu
chang ta nhan c3 hai vé cla (15-22) voi song phang

exp|—i{lwit —kiz—3)] .
. = pexp[ilwrt - kiz)
Vadung hé thirc

2 2
ki = ojue

Chung ta cé thé don gian hda phuong trinh. Thuc hién cac phép toan tuong tw cho ca ba phwong trinh ching ta
thu duoc:

oF

=L ‘“\/i le[dE3Egexp ilks — ke —ki)z]  (15-23)
oE /

_3;2"2 de3E1eXp[—l {ka — k2 — k1)z] {15-24)
Es _ 08 [Fp 198 [ByrEexpl—ilk + ko — K 15-25
~ o 63326312%13[11 2 — k3)z| (15-25)

Phwong trinh (15-23) dén (15-25) cho chiing ta biét toc do thay ddi theo khodng cach cua bién do song & mot
tan s6 nhu mot ham theo bién d6 séng tai hai tan s6 con lai. Cac phuong trinh duoc ghép qua hé sé quang phi
tuyén d co thé giai duoc nhwng cac nghiém cé lién quan dén céc tich phan elip.® Chuiing ta cé thé thu duoc cac
thong tin vé twong tac thuan tir phi tuyén makhdng can tim cac nghiém hoan chinh ctia cac phuong trinh nay.
Céc tan s6 duoc phép phai thoa man diéu kién:

0, = (,01+ ®,

11
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C6 sy chénh [éch vé pha gilra cac song & tan s6 w, va cic song ¢ tan s6 o, va o,:

Ak= k3 - k2 - kl
Su chénh léch vé pha nay lam cho bién do ctia moi séng thay déi theo kiéu hinh sin khac nhau khi séng truyén
doc theo huéng z. S6 hang lién quan dén o , d6 dan dién ctia mdi trwong bang véi sy mat mat hap thu co thé
xay ra khi séng truyén theo hwéng z.
Twong tac phi tuyén cé thé duoc lam ré trong cac thao luan vé &m quang trong chong 14, nhy mot qua trinh
tan xa. Diéu kién w, = o,+ o, laphét biéu vé bao toan nang lvgng. Sy chénh léch pha Ak cho thdy sy thay
doi dong lvong trong qué trinh tan xa. Néu qua trinh tan xa la dan hoi thi Ak =0, dong lwvgng dwoc bao toan.
NEu qua trinh tan xa khéng dan hoi thi Ak # 0. Trong hai phan ti€p theo chiing ta sé xét tdc ddng cula hai dinh
luat bao toan dén cac qua trinh quang phi tuyén.®®
B&o toan nang lwgng: trong phan nay, ching tasé gia st Ak =0 vavat liéu la chat hoan toan cach dién dé
cho 6 1 = 6 » = o 3 = 0. Dung nhitng gia thiét ndy va nhan (15-23) t6i (15-25) véi E; ching ta thu duoc cong
thirc

. 9E id oy s M
ld—zl =-3 E1E Bz /E—l {15-26)
JEs id ® i1
® [ —— * . - 15-27
E2—~—éz zElEzfswz I ( )
. 9E3 id . M
i R : (& 15-28
Ei—, 5 E1E2E5 w3 o { )
NEu ching ta dung di¥ kién
7 . oE; =
0 EED =B TR

Ching tathdy rang (15-26) dén (15-28) dan dén dong nhat thirc

2L EED = = J22EEy = - \/%—}z(fisf:‘;) (15-29)
Dinh nghta vé vector Poynting trung binh (2-26) c6 thé dung dé viét lai (15-29) nhu la mot dinh luat bao toan
nang luvong. Ta khdm phara diéu kién o, = ®,+ ®, dan dén mot dinh luét bdo toan nang lugng makhdng phai
chi ra loai tuong tac.
Hé thirc Manley-Rowe

Dinh luat bdo toan nang lvgng (15-29)
(Su thay doi cong suat 0 ,) _ (Suthay doi cong suat 0 , )

0, O,
_ (suthay doi cong suat 0 w, )

03

duoc goi la hé thi'c Manley-Rowe va ding cho tat ca cac qud trinh phét tan s6 tong vatan sb hiéu (sw tron
song). Phét biéu bang 11 1anéu song & tan s6 o, va o, dwoc dung dé tao ra mdt séng & tan s6 o, thi cac song &
tin s6 o, va o, s& mét nang lreng bang nang lvgng ma sdng & tan s6 o, thu duoc.
Bay gio chling ta sé tré lai cong thirc (15-25) vatim radang gan dlng cta sv bién thién clia séng anh sang Ej tai
tan s6 m, bang cach gia st.

1o, =0,+0,.
12
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2. ¢ =0, 14 dd dan dién, trong trudng hop nay 1a moi trwdng khong dan.

3. Céc vat liéu phi tuyén chiém mot nira mit phdng d vong bén phai ctia z = 0, bién cia vat liéu phi tuyén

4. E3 =0tai z< 0, nghia 13, bén ngoai cua vat liéu phi tuyén chi co6 cac séng E; vaE; ton tai.

5. E; va E; khong doi theo huéng z, tire 1achi cé6 mot phan nang luong rat nhd dwoc chuyén tir bién do E; vaE;
sang bién doé Es.

V@i cac gia thiét nay, chiing taldy tich phan cong thirc (15-25) dé tim bién do trvong & khoang cach z= L trong
mdi treong phi tuyén

— i(,l) u L iAkz — (03 dE E | kz
Es=-—2 —d| E,E,e™dz= - —i=2 (g1 15-30
° 2 \es; IO 1 2 \/ €; Ak (¢ ) ( )

Chiing ta si¢ dung cac két qua cua tich phan nay dé tinh todn vector Poynting cho séng & tan s6 w,. Vector
Poynting sé cho ta thdy s khac nhau vé pha Ak vacho mot y nghia vat ly vé anh hudng clia né dén dong chay
nang lvgng. Thém vao do, hé s6 pham chat dé danh gia céac vat liéu phi tuyén cling d woc xem xét.
Vector Poynting
Néu chling ta st dung gia tri cla Estlr phwong trinh (15-30) dé tinh toan vector Poynting clia séng ¢ tan s6
ta s& thu dwoc nang lvong tng véi mbi don vi dién tich, chdy qua mét phang tai z= L trong méi truong phi
tuyén &

83 N, [®§M d? Elezzj[(eiAkl_ _1XefiAkL _1)] (15-31)

2cu | 4e, AK?
Chung ta co thé sir dung ba hé thirc
1e_ 1 p_2MCq  wc [if
€& Iy & n, €o €o

dé don gian héa cong thirc (15-31)

S, = 2 (ij &81282([2_ oIk _ gitkL ])

2n,n,n, (AKL)
S6 hang trong ddu ngoic don co thé thay bang bang
4sin*(AkL / 2)

Ta thu duoc ndang luvong clia séng duoc tao ra trong qua trinh quang phi tyén & tan b o,

2 3 o, k /

H d2L2S S Sin (A L 2)

S=—""-.|— SS, > (15-32)
2n,n,n, || g, (AKL/2)

Gia tri tirc thor clia (15-32) o don Vi 1A JIny?

va gia tri trung binh co don Vi la Win?.

Y nghfa vt |y clia si chénh l&ch vector song Ak clia ba song c6 thé thdy dugc bang cach xét cong thire (15-

32).

1.Khi Ak =0, cbng suét ra clia cac song co tan s6 w, ty I& vai tich cdng suét vao clia cic song & tan sd o, va

®, . Cong sudt ra cling ty 1é thuan véi binh phwong chiéu dai lan truyén trong moi trudng phi tuyén.

2. Hé sd pham chét. Nang lwong cua song phi tuyén dwoc tao ra ti 18 voi

13
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2
5,
N,

Chuing ta c6 thé st dung ty s6 nay nhw la mot hé s6 phdm chét cho cac vat liéu phi tuyén
(xem Béang (15.4) )

d2
T
Nguyén Iy Miller trong Phu luc 15-B, ciing cho théy rang ty s6 (d / n) 1a hé s6 phadm chét thich hop. Piéu
nay |a do mot vat liéu vai mot hé s phi tuyén 16n ciing sé c6 chiét suét I6n theo nguy én ly Miller. Bang
céch chiad cho n, taloai bd duoc trong s6 clia hé s6 quang phi tuyén bang chiét suét.
3. Chiéu dai két hop. Khi Ak = 0, Cong suat dau ra bién doi theo

M

sinc?(AkL/2)
Nang lvgng S3clia song phi tuyén duoc tao ra dat cuwc dai tai:
T
L=—-—
2Ak

K&t qua nay tim dugc bang cach 1ay dao ham (15-32) theo L vacho no bang khdng. Ta dinh nghta khoang cach
nay la chiéu dai két hop:

! = T
‘ ° 2Ak (15-33)
Trong su tao s6ng hai bac hai, né bang chiéu dai hiéu dung cua vat liéu phi tuyén trong su phat blrc xa hai bac
hai. Kich thu &c cla né co thé d woc tinh
bang cach st* dung cac thong so lién quan dén s phat song hai bac hai
0, =0,, 0, =20,
k =k, = n,o, ' k, = N304 2 N0,
Cc c c

Can lwu y rang
k, # 2Kk, Vi tansic

Ak:ks_kz_klzzcgl (n3_nl)

Do d6 chiéu dai két hop trong sw tao song hai bac hai la
}\’l

" Any-n) (15-34)
0 day 2, la budc song trong chan khong cla tan s6 ¢ o ban.
Bay gi0, ching ta co thé st dung mot s6 tham s6 thuc dé tim ra chiéu dai két hop dién hinh. Ching ta S8
nhan doi budc song hong ngoai 1 |ym thanh bwdc song nhin thdy 500 nm va <& st dung KDP lam vat liéu phi
tuyén. DAi véi KDP (ching ta s8 sir dung cac gia tri cho tia thuong),

A, =10°m,  n,=1.50873

A, =5x107"m, n, =1.529833
Chiéu dai két hop 1a 1,18 x 10™° m. Giatri ndy bang v6i chidu dai tinh thé c6 ich cuc dai dé tao ra cong suat
song hai bac hai khi Ak =0. )
4. Chiéu dai két hop cua si phat song hai bac hai dwgc biéu dién trong bang 15.6 kha nhd. Dé
cho sy phat song hai bac hai la hiru dung thi can phai thu dugc chiéu dai két hop 16n hon.
Diéu nay dan dén van dé la lam sao dé thu ngan sv chénh léch gitta n; va ns dé tao ra chiéu

14
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dai két hop c6 ich. BE tao ra chiéu da két hop khoadng 1 mm cho sy phat séng hai bac hai
ding 1 um, cong thitc (15-34) cho ta thdy cac chiét suat twong tng véi buwdc séng co ban
phai bang

TABLE 15.6 Second Harmonic Coherence Length

Crystal A le, XP. te, calc.
KDP 0.694 um 18.5 um 18.8 um
KD*P 0.694 20.6

ADP 0.694 17.7 18.2
KDP 1.06 220 22.0
KD*P 1.06 21.2

ADP 1.06 21. 20.6
BaTiO3 1.06 5.8

n, =n, +0.00025

Chiédu dai két hop ngén duoc liét ké trong Bang (15.6 ) cho thdy réng can phai gitr cho AK=~0 ngu cac tinh
chat phi tuyén cla vat liéu dwoc dung dé tao ra budc séng méi. Trong quang phi tuyén, qua trinh rdt ngan
chénh léch pha Ak duoc goi la sy hgp pha. Néu chlng ta xem si tao séng hai bac hai nhv mét qua tan xa, sw
hop pha tvong dwong véi phat biéu rang dong luvong duoc bao toan.
S hop pha )
Chuing ta sé hinh dung vén dé hop pha bang cach theo d6i hai song truyén doc theo mot mang tuyén tinh tam
nguyén tr. Ching ta gia s rang chiét suat ddi voi vat liéu ¢ tan s6 co banw, la n, va chiét suét cla song hai
o, 1& n,={16/9) n,. D& 1am cho s hinh dung duoc dé dang, ta gia st rang 2, bang véi khoang cach nguyén
tlr. Biéu nay cling c6 nghia A, bang 8/9 khoang céach gitra cac nguyén tir. D9 khong hop pha gitra hai séng n ay
khi chung truyén doc theo hang cac nguyén ti la
nn
k, -k, =—%
3 1 4}\‘]-
S6ng co ban & tan SO , cam (ng su phéan cuc phi tuyén tré phia sau song ¢ 0 ban mot gocr /4. Sy phan cuc
nay tao ra mot séng hai & tan s6 w,. Khi ching ta di chuyén tir nguyén ti ndy sang nguyén tir khéc, ching ta
cong thém song hai dwoc tao ra bdi s phan cuc, ¢ tan s6 o, cla song co ban ¢ tan s6 , ding phuong phap
vector duoc gidi thiéu trong chuwong 4, xem hinh 4-1. Téng clia hai song s& bang véi truong cuc bd ma nguyén
tlr phai chiu va diéu nay s xac dinh su phan cuc cam ng.
Tai nguyén tir 1, [Gc nay song chi la song co ban, ching ta dat tén dién truong cla né la F & hinh 15-la. Tai
nguyén t&r 2, song co ban F co sk tham gia cta song hai H dugc hinh thanh bi sk phan cuc cam tng trong
nguyén tir 1. Song hai tré so vGi song co ban F mdt goc bang 45 °, dugc miéu ta trong hinh 15-la. Tong hop hai
song H va F bang truong c6 bién do R. Trwong tong hop nay cam (ng s phan cuc trong nguyén tir 2 tao ra
mot song hai & nguyén tir 3, vatiép tuc léch thém 1 goc ™ /4 véi sy phan cuc cam ¢rng; xem Hinh 15-1 b. Khi
céc song di chuyén qua tinh thé, ching téi nguyén tir 4, & dé tong hop clia H va F dat gia tri cwc dai cla nd
(xem hinh 15-Ic). Sy phan cyc dugc cam (ing boi song nay dat cyc dai ¢ nguyén tr 5. Cubi cung ching dén
nguyén ttr 8, sr phan cuc cdm ng do tong hop, dwoc hinh thanh bang cach cong F co ban vaH sdng hai bang
khong. Nguyén tir 8 khong thay truong va do dé khdng tao ra song hai bac hai. Phép phan tich hinh hoc nay
phu hop véi tinh toan chiéu dai gan két hop bang cach st dung (15-33) va chiing té rang chiéu dai két hop la
mot thuwdc do makhoang cach trén dé séng hai va séng co ban truyén cung pha qua moi trwong phi tuyén.
15
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(a)

FIGURE 15-1a. The first two atoms in a nonlinear
material are located at position 1 and 2. The electric field
of the fundamental wave is denoted by F. It has the same
phase at each atom. The polarization, induced by F in
atom 1, generates a harmonic wave H at atom 2.

16
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R
X
H
FIGURE 15-1b. Propagation of the
harmonic wave along the chain of
(b)

atomns.

F F F
H H
H
()
FIGURE 15-1¢. Four atoms in a nonlinear material. The fundamental and harmonic waves
have reached atoms 3 and 4. Atoms 1 and 2 from Figure 15-1a are shown for reference.

FIGURE 15-1d. The fundamen-
tal and harmonic waves in the non-
linear crystal have reached atom 8.
R R The harmonic wave is completely
H H out of phase with the fundamental
H

so that the resultant field is zero.
The polarization induced in atom
{d) 8 is therefore zero.,

Hinh 15-la. Hai nguyén tir dau tién cta vat liéu phi tuyén dwoc dat ¢ cac vi tri 1 va 2. Bién truwong clia séng co
ban duoc ki hiéu 1a F. N6 c6 ciing pha & mdi nguyén tt. Sy phan cuc dugc cam (ng bai F trong nguyén tir 1,
tao ra song hai H tai nguyén tt 2.
Hinh 15-16b. Sy truyén ciia séng hai doc theo chudi cac nguyén tir.
Hinh 15-1c. B6n nguyén t& trong vat liéu phi tuyén. Cac séng co ban va hai dén cac nguyén tir 3 va 4. Cac
nguyén t&r 1 va 2 tir hinh 15-la duoc biéu dién dé tham khao.
Hinh 15-1d. Cac séng co ban va song hai trong tinh thé phi tuyén dén nguyén ti 8.

17
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Su phét sdng hai bac hai

Trong khi rut ra phuong trinh (15-32), ching ta gia st rang hiéu suét chuyén déi hai thip tic 12 E; va E, gitt
nguyén gan gia tri ban dau ctia ching, con E;z twvong ddi nho so véi ching. Gia thuyét nay can tré tinh toan vé
viéc ¢6 bao nhiéu nang lwong chuyén tlr co ban sang hai. Mot vi du lién quan dén sy phat song hai bac hai sé
cho phép tinh toan su chuyén nang lwong gilra cac song co ban va song hai. Ching ta sé gia st rang

1. Sy phét song hai béac hai, ®,=20 , ¢ day o,= 0,=o .
2. Vat liéu lamot dién méi hoan hao, o = 0. Chiing takhong can lo lang vé sy mat mat trong moi tr wong

3. Céc vét liéu phi tuyén chiém mot nira mat phang d wong, 220,
20)
4. E1:E2=E(O)) va ES E(Z(D) I(p
5. Khong co sur tin sic dé e; = €, = € 3 = €. Gia thiét nay cho phép su hop pha hoan hdo, Ak =0.

6.E;s=0va E, = E,€°“) tai 2 = 0, bién ciia vat lidu phi tuyén.
Gia thuyét nay cho phép «ching ta viét lai (15-26) va (15-27) la

CE(®) __; [u \/; d;n E(o0)E(20 ) (15-35)
aEéim) — \/gdanz (@) expli[20(0) - ¢(20)]} (15-36)

Dai véi su tao séng hai bac hai, ching ta doi hoi

29(0)-0(20)=-

ttrc 13, pha clia song tao ra phai tré so voi sy phan cuc tao ra nd mot goc 90 °. Khi diéu nay xay ra, (15-36) la
mot ham dwong thuc

Chung ta cling dung dinh luat bao toan nang lwvong duoc chirng minh trong bai tap 15-3. Binh Luat nay phét
biéu rang rang téng clia cac mat do cong suét clia cac song ¢ @ ban va song hai bac hai phai 1a khéng déi trén
mot khodng cach lan truyén, cho phép ching ta viét lai (15 -36) la

aE ) _ \f [E2(0)- E?(20)] (15-37)

Béng cach |y tich phan (15-37) th z= 0 dén z = L, ching ta c6 dwgc mot phwong trinh cho bién d6 séng hai
bac hai & khoang cach L trong méi tr vong phi tuyén |

E(20) = E, () tanh|E, (o )Ldo~/1/ €| (15-38)

Dinh luat bao toan clia bai toan 15-3 cho phép st dung (15-38) dé thu dwoc bién dd clia trwdng co ban
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Wave amplitude .
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Hinh 15-2. Nang lugng cla cac séng co ban vasong hai bac hai khi ching vao vat liéu phi tuyén.

E(o)= Eq()sech|E, (o)Ldo/i/ <]
(15-38) va (15-39) duoc trinh bay trong hinh 15-2. Hé s6 gbc ban dau ctia dwong cong séng hai bac hai duoc
cho bai (15-32) vi Ak=0,
Ly  thuyét  don gian dv  doan kha nang thu d wvoc100% chuyén doi
clia séng co' ban thanh céc song hai bac hai. Ly thuyét luvong tir du doan rang khi séng co ban co vé muc nhiéu
lwong t¢, cac dong chdy nang lwong sé dao ngwoc va séng co  ban
hinh thanh <& triét tiéu song hai bac hai. (Nhitng két qua nay da duoc rat ra déi voi tuong tac song phang.
Trong thirc t€, dé tao ra cac trwong anh sang, nguoi ta thwdong st dung chum Gauss)

Phuwong phap hop pha
C6 nhiéu céach khac nhau dé thu duoc diéu kién hop pha da duoc dé xuat. Ching ta sé thdo luan cac phuong
phap nay bdi van dé hop pha la chia khdathen chét dé tan dung su phi tuyén bac hai dé phat séng hai.
Su bién thién tuan hoan clia hé s6 phi tuyén
Néu sy léch pha gitra song hai va séng co ban bi thay doi 180 °, sau khi séng da truyén trén mot chiéu dai két
hop, ching ta c6 thé ngan nang lwong mat mét do su chuyén tlir séng hai tré lai song co ban. Mot cach dé thuc
hién viéc nay |axép mot loat cac tdm tinh thé hodc cac 16p m ang mong, moi miéng c6 mot dd dai két hop (xem
hinh 15-3). Trong thiét ké nay, chiét suat dugc gia st 1a giéng nhau &@ moi 16p dé khdng c6 phan xa tai bé mat
chuyén tiép.

Dé hiéu duoc phwong phap nay, dau tién chiing ta gia str khdng cé twong tac phi tuyén trong céac 16p dwoc to
den cuta hinh 15-3, d; = 0. Sau khi truyén qua mot d6 dai két hop trong vat liéu mot, vai hé s6 quang phi tuyén
dy, s6ng co ban va song hai |éch pha nhau mot goc = .Néu chiing ta khdng 1am gi ca thi ning lvgng sé bat dau
chdy nguoc lai tlr hai vé séng co ban. Tai thoi diém nay, hai séng di vao [6p vat liéu thi hai. Do ching tagia
st rang d2 = 0, khéng co twong tac phi tuyén trong vat liéu thir hai, hai song dwoc ghép va khdng co twong tac.
Sau khi truyén qua mot chiéu dai két hop trong moi trieong tuyén tinh, céc séng lai cung pha. Céc song cung
phalai mot Ian nira di vao ving phi tuyén vai hé so phi tuyén d, va cé thém nang lwvong dwoc chuyén tir sdng
co ban sang song hai.

Ca giahai tra do su hgp phatheo cach nay la su gidm hé sd quang phi tuyén hiéu dung xudng d 1/x . Néu cac
|6p vat liéu tuyén tinh dwgc thay thé bang 16p vat liéu phi tuyén véi hé s6 phi tuyén d, =-dy, thi hé s6 phi tuyén
hiéu dung sé dwgc nhan doi.
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Chlng ta dé dang thdy rang sw hop pha d6i voi sw tron tan s6 hiéu dat dwoc khi
Ak =k, — k, +k, _(@m+ T

¢ day/ la do day cla tng tém vam lamot s6 nguyén khong d6i. Khi m= 0, thi ¢ bang véi chiéu dai két

hop tw nhién. Cuong do dau ra dung k¥ thuat nay la & muc tot nhat (khi m = 0), chi bang 40% giatri clia hop

pha hoan hao. Hop pha nay da dwoc tim thdy trong GaAs.”

Hinh 15-3. Hé 16p vat liéu phi tuyén. Dau clia hé s6 phi tuyén
duoc bién diéu tuan hoan véi chu ki bién dién bang chiéu dai
két hop

Phan xa toan phan
Chung ta cé thé st dung sv kién lasong chiu mot sy thay doi pha khi phan xa to an phan (xem Hinh 3-13) dé c6
dwoc sy hop pha. Xét s phat séng hai bac hai, si thay doi pha twong ddi khi phan xa la

0 =2(w)-5(20)
¢ days thu dwoc tr mdt trong hai cong thirc ( 3-54) hodc (3-55). Sy thay d6i pha tuong ddi
gilta song co ban vavasong hai lado s tan sac la

2oL
2y =[n(2(0)-nl(o)) —~
& day ching ta gia s rang khoang céach truyén la L. Sy thay déi pha nay duoc bu bang cach diéu chinh thich
hop ©, goc téi. Hop pha do phan xa toan phan da dwoc quan sat dung laser CO, & buéc soéng bang
10.5915 MM vi b6 tri dwoc bidu dién trong hinh 15-4.7

Ong dén séng dién moi , )
Sk dung 6ng dan séng dé hop pha la sy mé rong tw nhién clia viéc st dung phan xa toan phan. Ung voi moi
mode 6ng dan séng duwoc kich thich lamot chiét suat hiéu dung khac nhau (xem Ch uong 5)

N :% (15-40)
Chiét suét hiéu dung nam trong khoang giira gia tri ctia dé vavat liéu dan song dang khoi.
Thao luan toan hoc vé loai hop pha nay cé thé dugc tim thdy trong bai bdo dé nghi dung nd cho céc hoat dong
& vung phé budc song dwdi milimet.
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Hinh 15-4. Cau hinh dé thu dwgc hop phadung phan xa toan p
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Hop pha khong cong tuyén

Céc kY thuat trudc day dwoc goi laky thuat cong tuyén bdi vi cac song truyén cung hudng. Co thé thuc hién
hop pha bang k§ thuat khéng cong tuyé n khi cac song truyén mot goc voi nhau. Khé niém hop pha khéng
cong tuyén 1a dé nhu co thé thiy trong hinh 15-5. Thay vi doi hdi phuong trinh bao toan dong lugng vo hudéng
duoc thda man thi & day phuong trinh vector phai dwoc thda man

Ak =k, —k,—k =0 (15-41)
Gidi han diéu kién hop pha dat trén goc o , gitra k; va ke, vagoc B, gilta ky va ks, c6 thé dé dang duoc rt ra
bang cach dung dinh ly cosin trong hinh 15-5
kZ =k + k2 - 2k,k, cosa
cosa =1-2sin? % = Ny + N0, — 5o (15-42)
2 2n,0,n,0,
Dé danh gia (rng dung vat ly clia két qua nay, ching ta xét truong hop si tao tan s phach 1. ® 2 = o 3. DE
don gian, chlng ta dung gia thuyét vat ly thuc t€ ring ni~ n=n, n3 = n+ An, va An® ~0 (xem bang 15.4
trong do gia tri chiét suat doi vai treong hop song hai bac hai cd thé dwoc so sanh). Véi nhitng gia thiét nay
vé chiét suat, goc a. la

2
. o 0 AYOR

~

(15-43)

~

2 2no,o,
Vi gia tria. nhoé cé nghia lasdng gan cong tuyén

®; [2An
o~ —
A OO0, n

Vi o lathuwc chi khi An> 0, hop pha khéng cong tuyén véi sy tao tan so hiéu cé thé duoc tao ratrong ving
tan sac di thuong.

FIGURE 15-5. Noncollinear phase matching. The vector sum of the
propagation vectorsis set equal to zero rather than the scalar sum.

Nhu chdng ta dalam véi o, ching ta cling st dung dinh ly cosin

cho B

2B . 2nAnoo, - 2nAnm;
2 an(n+ Ano,o,
An Anwm,

2(n+An)  2(n+ Anko,

Tw hinh dugc dung trong 15-5, o, < ,, SO hang thi hai nhd hon thiv nhat, va chiing ta cé thé bd qua né. Néu
chiing taco thé gia st nhr ching ta dalam d6i véi o , lacac song gan cong tuyén sinp /2~ B /2,vagéc B la
22
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2An
B=y"—

n

(15-44)

GOc B trong phép gan ding dugc dung & day khdng phu thudc vao tan sé. D6 la dac tinh dai rong duoc miéu
ta boi (15-44), lamat thuan loi clia hop pha khéng cong tuyén (xem bai tap 15-7).
Céc vi du hinh hoc duoc dung cho si tron khdng cong tuyén dwgec mo t4 & hinh 15-6.
Mot ting dung c6 ich ctia hop pha khéng cong tuyén I a do xung quang hoc pi ¢d gidy dung si tv diéu chinh
phat song hai bac hai (xem hinh 15-7 vabai tap 15-7).

FIGURE 15-6. Geometries used for noncolinear phase matching. The slanted faces are at Brewster's angle, to
allow efficient coupling. The guided-wave geometry in the bottom figure is to increase the effective interaction

length

Beam
S N, Splitter

#DP
A, doubler

Detector

£« dyE E,

FIGURE 15-7a. Psec pulse detection using the autocorrela-
autocorrelation of two samples of a pulse. One sample is delayed by

a
time t with respect to the other sample.

Hai mau clia xung pico gidy thu dugc véi mot b tach chum. Mot trong céac mau duwoc tri hodn thoi gian bang
céch truyén n6 trén mot quang 16 dai hon. Hai mau duvgc thém vao cling nhau trong tinh thé phi tuyén. Luong
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birc xa song hai bac hai duoc tao ra bang sw xen phi thoi gian clia hai xung( hinh 15-7b). Bang cach thay doi
thoi gian tri hodn, sy tv diéu chinh clia xung pico gidy dwoc tao ra. Phan giai thoi gian thu dwoc bang cach thay
ddi quang 10 dé thay doi t© chir khéng phai qua sw phan giai thoi gian clia detector.

Hop pha khong cdng tuyén ngau nhi én gilra cac chum & trén truc co ban va ning luong tan xa tir séng bac hai
c6 thé dwoc quan sat & trong cac tinh thé & dé hop pha cong tuyén xuét hién. Trong s phat song hai bac hai,
diéu nay dan dén céac bién dang hinh vong ly tha.

Hop pha ludng chiét
Phrong phéap phd bién nhat clia hop pha tan dung sw kién trong mdt tinh thé bt déng h wong chiét suét phu
thudc vao ca budc song va hwdng clia séng anh sang. Ching ta da rdt ra mot biéu thikc cla chiét suat nhv mot
ham theo hwéng truyén déi vai tinh thé don truc trong phu luc 13-C. D0 thi vé chiét suat bat thuvong nhw mot
ham theo goc gitta hudng truyén vatruc quang hoc dwoc biéu dién trong hinh 15-8. Budng cong dugc tao ra voi
(13C-7). Hinh 15-8 cho thdy rang chiét suét co thé duoc diéu chinh gilta ne va ny bang céach thay déi hudng
truyén. Néu sy thay ddi chiét suét do sy thay d6i | wdng chiét I6n hon sw thay d6i chiét suét do tan sic thi hop
pha c6 thé dat duvoc. Sy hop pha dwoc thre hién bang cac ding song phan cuc tuyén tinh truyén theo mot goc
thich hop, dé dam béo rang

n2o)=n(m)

FIGURE 15-7b. The two pulses are

|
E(t) 1 overlapped in space, the second
-AM curve from bottom, by adjusting 7.
E(t+1) = The overlapping pulses produce the
1
I
|

second harmonic emission shown as
the bottom curve. Only the area
under the pulse at the second har-
monic is detected. Temporal resolu-
tion is obtained by varying .

E(QE(t+v)
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KOP at 300 K and 1 pm

1.49

Index 20}

1.48

1.47

g 20 an 60 80 180
Angle ()

FIGURE 15-8. The variation in the value of the extraordinary index of refraction with propagation angle in
KDP at room temperature. The index variesfromnpat 6 =0°tongat 6 = 90°.

C6 hai phrong phap dé dat duoc diéu kién hop pha dung tinh luéng chiét :

Loai |. Song ¢ tdn s6 o, va », c& hai co cung trang thai phan cuc, tic 1a ci hai déu la tia thwong hodc tia bét
thuvdng. Song thr ba & tan sé o, duoc phan cuc theo hwéng vubng goc.
Loai Il.S6ng & tin SO w, va o, dwgc phan cwc vudng goc. Va sdng thir ba & tan s6 , co thé c6 hwéng phan
curc song song v&i mot trong hai séng c on lai.
Dé minh hoa su hop pha st dung tinh chat | vdng chiét, diéu kién hop pha déi vai ba tinh thé don truc cé thé
dwgc xac dinh. B6i voi cac song truyén cong tuyén, diéu kién hgp pha (15-42) trg thanh :

nw; = N, £ o, (15-45)
Chiét suat phu thudc vao loai hop pha valoai tinh thé ludng chiét, lwvdng truc hay don truc dwong hoac am.
Da6i voi tinh thé don truc, hop pha tré thanh

n, <n, n >n,

Typel

ne(m3)= &no(ml)"'&no(mz)’ no(ms): &ne(ml)+&ne(m2)
03 W3 3 Q5!

Typell

I‘le(m3)= &ne(ml)"'&no(@z)’ no(ms): &n0(®1)+&ne(m2)
03 03 Q5! 03

Ba dwong cong tiép theo biéu dién chiét suat cla tia th wong vatia bat thwong nhu mot ham theo bwdc séng
ddi vai ba tinh thé lwdng chiét: thach anh, LiNbOs,va KDP
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Quartz at roorn
temperature
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FIGURE 15-9. Dispersion in quartz. The points labeled type | and type Il are the indices t hat would have to
exist if we could have phase matching in quartz for doubling of 1.06 um.
clng véi do thi dudng cong tan sic ddi clia nhitng tinh thé nay, cac diém duoc vé trong do thi chi ra diéu kién
hop pha duoc doi hoi dé chuyén birc xa budc sdng 1.06 um sang bwdc séng 530 nm.
Puong cong dau tién trong hinh 15-9 biéu dién s tan sac cla chiét suat thuvong va bét thuong cla thach anh.
Nhi*ng dwdng cong nay bao quanh chiét suit cd thé t¢i dwoc tai moi tn s6 bang cach thay d6i hwdng truyén.
Céc diém co tén "loai I" va"loai 11" lachiét suat phai tén tai néu hop pha xuat hién doi vai sw tao séng h ai bac
hai vé&i budc séng co ban la 1.06 um. Chiét suat ma anh sang 530 nm phai c6 nhé hon bat civ chiét suat nao
trong thach anh; do do, hop pha khong thé dat duwoc.
Puong cong tiép theo trong hinh 15-10, lacho LiNbO3. Tir vi tri cta chiét suat séng hai bac hai Il dugc doi hdi
cho hop pha loai 11, chiing tathdy rang hop pha loai | chi c6 thé xuét hién trong LiNbOz d6i véi su tao song hai
bac hai 1.06 pum.
LiNbOs at 300 K

2.34

2.24

Index of retraction

2.14
0.4 0.6 R 1.0 1.2 1.4

Wavelength
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Hinh 15-10. Sy tan sac trong lithium niobate. Nhw c6 thé thdy déi véi sw nhan ddi 1.06 pum, chi hop pha loai |
co thé xay ra.

Trong hinh 15-10, r6 rang hop pha loai | thu dwoc gan ding khi 6 = 90°. Hop pha chinh xac & 90°cd thé
thu duoc bang cach diéu chinh nhiét do cua tinh thé. Hop pha & 90° duoc goi |a hop pha khong téi han. Hop
phatdi han xuat hién trong tat ca hwéng truyén khac.

Hop pha khong t¢i han ¢é wu diém trong si phat séng hai bac hai. Khi anh sang truyén vudng géc véi
truc quang hoc cla tinh thé lwdng chiét, cac song thwong va bét thueong truyén theo hwdng cong tuyén. Tai tat
ca c4c goc khac, ngoai trir 0°, sy lwdng chiét duoc quan sat va hai sdng truyén hop mot goc d6i véi nhau. Day
duoc goi lawalk- off vector Poynting [xem bai toan 13-9 va(13-36)]. D0i vai cac tinh thé lwdng chiét dién
hinh khi huéng truyén 1am mot géc® = 45° véi truc quang hoc, walk-off vecror Poyting khoang 2°.Théng
thuwong can tap trung séng anh sang dén dé tang twong tac phi tuyén . Walk-off vector Poyting lam cho céc
séng thwdng va bt thwong gan véi chim diéu tiéu bi tach sau mot khoang cach duoc goi lachiéu dai khe

| - \TO,
B

O day¢ lawalk-off vector Poyting (13-A), va ® glaban kinh c8 cham. Bang cach thu hop pha & 90°,
chiing ta cé thé loai trir walk-off vector Poyting va tang chiéu dai khe ddi v&i séng hai bac hai. Hop pha khong
téi han mang dén mot thuan lgi vé géc nhan, tirc | a sy mé rong géc clia chum co ban, nhiéu c¢& bac do 16n trén
goc chap nhan ddi véi hop pha téi han.

KDP lamot vat liéu cd ca hop pha loai | va hop pha loai Il ma chiing ta ¢ thé thdy nhw hinh (15.11).
Dai v6i hop pha loai I, goc hgp pha cho béi cong thirc:

11
sin?o_= n g-w) n (12(”) (15-46)
(o) n(.)
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KDP at 300 K
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FIGURE 15-11. Dispersion in KDP. The birefringence is large enough in KDP to allow bo
type-I and type-1l phase matching for the doubling of 1.0 um. Note the angle for type-1 phe

matching is 42.4°,
Hinh 15- 11. Sw tan sac trong KDP. Su ludng chiét trong KDP dd 1on dé cho phép cé hai loai hop pha
loai | vahop pha loai Il d6i v&i sy nhan doi tan s6 1.0 um. Can chi y g6c hop pha loai | | 242,4°.
va goc déi vai hop pha loai 2:
{ no((”)

2
(20)- } -
n
o) ol (15-47)
g
ne(®)
Trong nhitng vat liéu cho phép ca hai loai hop phalam sao ching ta cé thé quyét dinh chon Iva loai hop
pha nao sé sir dung? Mot Iy do dé chon lva loai hop phala kha nang hoat dong véi song truyén theo hudng

90° d6i véi trdc quang hoc. Ly do thit hai dé lva chon mdt loai hop pha co thé duoc tim thay trong bang 15.5.
B0 16n d, lamot ham theo géc hop pha. B6i véi hop phaloai | trong thanh vién clia nhém 42m, chidng tatim

thdy tir bang (15.5) rang:

1.45

sn’e, =

3

dy =—d,SINOSIN2H
Mot khio dugc cd dinh boi digu kién hgp pha ching ta cé thé cuc dai d, bang cach chon hwéng truyén sao
cho nd tao mot gocO =45° véi truc x clia tinh thé. Trong bang 15.5, ta cé thé thay d6i voi cac thanh vién 42m,
sy lva chon 0 =90° dan dén d, =0 doi v6i hop phaloai I. BE cuc dai d, doi voi loai hop pha loai Il trong
thanh vién 42m, ching ta chon ¢ =0 va géc hop pha 6 =45%. Chiing ta dang gia s rng géc hop pha xuét hién

tai nhitng goc nay.

Sy mo ta |y thuyét vé tinh chat phi tuyén bac 3 clia mot hé co thé duoc xdy dwng véi thi tuc trong tw nhu xay
dung |y thuyét bac 2. Trong Iy thuyét phi tuyén bac hai, y @ thé hién ca tinh chat mat mét va cong huéng
twong tw voiy @,y @ thé hién tinh chédt cong hudng. Phan ao cia y @, tvong tw v6i s mat mét hodc sy thu
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ndng lwong md ta tan xa Raman, Brillouin, va Rayleigh cling nhu céc qua trinh 2 photon. Phan thuc clia y ©
mo ta qua trinh phét song bac 2, hiéu rng Kerr quang hoc, si thay doi chiét suat phu thudc vao cuong do.
Su phan cuc phi tuyén dugc cho bdi cac sb hang c6 dang

[Pl\(lﬁ) (04 ] = [Z X.Eil) 031"”2’033’034)Ej(wl)Ek(wz)El (‘93)+C-CJ (15-48)
ki
O day D lahang sd phu thudc vao giatri clia ® 1 ® 2 ® 3Va o 4, xem bang 15.7. y @ latensor hang 4
,thiét 1ap mai quan hé gitra mot vector véi ba vector khac .

Cac d6i s6 dbi xtng c6 thé dwoc &p dung cho y @, nhuw khi chiing 1a y ® dan dén mot si don gian héa.
® Mot két qua quan trong clia cac d6i s6 ddi xtng 1& x @ #0 d6i v6i sw d6i xting xuyén tam, tic 1a cac hé co
doi xirng dao. Cac yéu td khac 0 cua tensor d woc chi ra trong phu luc 14A céch xa diéu kién cong h wéng

107%,cgs
of v O ~ 1
o 107, mks

%in (©,0,0, @) ladd cadm gan voi hiéu ting Kerr quang hoc duoc théo luan & chuong 14. Ching ta chi
xé mot s6 hang phu cla su phan cwc phi tuyén bac ba

(3

Xukl (0),0),0),0))

NG gan voi hiéu ¢ng Kerr quang hoc. Ching ta s& kham phé ra rang ly thuyét cho phép hiéu tng d woc
giai thich nhu mdt qua trinh toan ki. Mot s6 gia tri dién hinh y © dwoc cho trong bang 15.8

MGt trong nhitng qué trinh gan véi %) (0, ©, ©, ©) duoc goi latron bon song suy bién hoac lién hop

pha. Chi tiét toan hoc vé ly thuyét tuong tuy voi sy phén tich phi tuyén bac hai duwgc mo ta trude day. BO tri
thie nghiém duoc dung trong xay dung ly thuyét duoc biéu dién trong hinh (15-12).

B6 tri thuc nghiém |am cho c6 thé xét moi séng mot cach riéng biét, rat bai todn vé viéc giai phuong
trinh sdng lién quan dén P®. k, +kz =0 trong hinh 15-12 cho phép bai toan dwoc rat vé bai toan mot chiéu.
Huwéng clia cac vector k ddm bao rang su hop pha sé dién ra dong thoi.

Phrong trinh song dugc giai trong (15-19), véi tredong dit vao bao gdbm 3 song, mdi song md ta bai (15-
20). Su phan cuwc phi tuyén sé lién quan dén cac s6 hang cé dang:

©) *_j(ot—kz)
Xijk Elj EEz€™ (15-49)

Ciling nhw cac sd hang lién quan dén 2 . Chlng ta sé bo qua cac so hang 2 w va diéu chinh dé bo qua
cac sO hang tan s6 cao hon nay sau.

T4t ca cac song duoc gia sir phan cuc gidng nhau dé cho chi mot trong cac th anh phan tensor ctia y @ di
vao trong tinh toan. Gia thiét nay cho phép thay thé tensor v&i mot dai luong vé hudéng
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3 (3
X > X

(gia thiét nay bi han ché hon la ching ta can. Ching ta c6 thé ngi 16ng gia thiét va doi hoi rang séng cap
1va2va3va4d moi cai co cung ché do phan cwc. D6 cdm sé van con chira mét thanh phan tensor.

(3) (3
X1 > X

Va do cam ¢ thé tiép tuc xem nhu 1 dai lvgng v hudng). Sé don gian hon nia cé thé thu duoc bang
cach gia st rang

Edl.|Eo| <<|E}|E,|

Dung phwong phap tvong tu nhw phuong phap mo ta dwoc rut ra tir phwong trinh (15-23)dén  (15-25),
phuong trinh song doi voi bién do phirc clia séng duoc tao ra bdi twong tac phi tuyén co thé viét |a

dE NOYAX Oy "
dZ4 =- XZ §[|E1|2+|E2|2]E4_|XT %ElEzEs (15'50)

S6 hang thi nhat trong (15-50) mo ta hiéu tng Kerr quang hoc, s6 hang nay co thé duoc tich hop trong
ly thuyét bang cach diéu chinh vecto séng clia séng 4 tir k th anh

3
k=k +%£{|El|2 +|E,] (15-51)

Hang s6 truyén mai ndy co thé dugc gdp vao dinh nghia vé bién do phic cla 4 song bang cach dwa vao
mot bién do phirc maéi c6 dang

A=Ee™ (15-52)

V@i dinh nghia méi, (15-50) tré thanh cac sdng 3 va4

dA,  ox® |u .

z 2 \EA&AA (15-53)
. o

e A Y (15-54)

Ching ta sé khong gidi (15-50) doi véi séng 1 va 2 nhung thay vao dé sé xét chung nhu mot trong cac
diéu kién moi trong va gop cac hiéu (rng nay vao trong hang sb vat liéu dwoc dinh nghia béi phwong trinh :

3
K = WK \/EAiAz (15-55)
2 IS

Hang s6 vat liéu nay la chiét suat phu thudc khdng gian va s& anh hudng dén su truyén cac song con lai.
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N6 thuc hién vai trdo nhi mot hé s6 ghép gitra cac séng khac nhau.

Nghiém cla phuong trinh (15-53) va (15-54) c6 thé thu dugc dé dang. M6i truong phi tuyén cd thé gia
sir chiém ntra mat phang dwong véi mot bién & z=0 vabién kia® z=L. Vi c6 céc diéu kién bién, ching ta sé gia
slr rang song 4 ti & moi trudng phi tuyén tir bén tré voi bién do phic A4(0) & bién. Ching tagia s rang song
v(i bién do phic As duoc tao ra trong moi truong phi tuyén do dé chdng ta phai c6 A 3(L)= 0 & phia bén phai
mai trwong phi tuyén. Nghiém cla (15-54) d6i véi song 3 la

coskZ

cosik|L

. sinf|(z- L)
k| cosik|L

Ay (2) = Ay (L) +ix A (0)

Nghiém cla (15-53) duoc dé lai nhi mot bai tp ; xem bai tap 15-5...

Tai mdt trudc mdi truvong phi tuyén, ta cd cong thirc :

K

A, (0) = —i — A, (0) tanfk|L (15-56)

|

Phuong trinh (15-56) tién doan réng mdi truong phi tuyén bac 3 sé dong vai trd nhv mot gwong véi tinh
chat doc nhat laphan xa lién hop clia séng t¢i (xem chuwong 12 vé cac séng lién hop). Hé s6 phdn xa clia guong
nay sé 16n hon 1 bat ct khi nao
LN

4 4

M@t trong nhitng khia canh Iy thl cta hé thdng lién hop pha la n6 tuong tu véi phwong phap chup anh
toan ky. Gia str mot 1Gc nao do « L nho dé tank L cd thé thay bang « L. Phuong trinh (15-56) m6 ta bién do
phtrc clia song truyén sang bén trai trong hinh 15-12, khi n6 roi méi trwdng phi tuyén. Boi véi « L nhd, (15-56)
tre thanh:

©)
A(0) =~ %EAAZA: ©) (15-57)

Do si twong tu vi cac s6 hang trong (12-4) , chiing ta xét s hinh thanh Az nhu 1a sy nhiéu xa clia Az
bdi mét hé van duoc tao ra do giao thoa gilra A, vaA, , nhu duoc biéu dién trong hinh15-13a. Si dién giai thi
hai o lién quan dén sy hinh thanh A3 xem né nhw 1a séng bat ngudn tir sy nhiéu xa clia séng A, qua mdt hé
thong van dugc tao ra qua sy giao thoa clia Ajva A, (hinh 15-13b).

Trong anh lién hop pha nay, cac sb hang lién quan dén 2 ma ching ta da bd qua trvéc day lién quan
dén tap hop céc van chuyén dong. Néu madi tr vong phi tuyén cé dap ng thoi gian qua cham véi chuyén dong
clia cac van.

Hinh 15-13. Lién hop pha tir quan diém toan ki. (@) Chum 1 va 4 lién hop nguoc doc theo cung dwong
truyén duogc lay béi A, khi dat dén moi trwong lién hop, sau d6 A, dén ngudn A, st c6 cung dang nhu A,.
Diéu nay xuft hién bét ké séng bi méo bdi mdi tr wong nhidu nhu thé ndo doc theo dudng truyén, mién 1a sy
méo khong thay déi. Thi nghiém dau tién vé su loai trir méo bang lién hop pha dwoc thuc hién bdi Herwig
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Kogelnik ndm 1965. Thi nghiém dwoc thuc hién bang céach tao ra cac van giao thoa ctia h inh 15-13 trong mot
tdm kinh &nh. Mac du day la mot thi nghiém Ii tha vé (ng dung méi la clia chup anh to an ki, viéc né khéng
xudt hién trong thoi gian thiyc 1am gidm tinh hiru dung clia né.

Kha nang loai trir méo trong thoi gian thuc tao ra sw tron bn séng m & chiing ta vira mo ta rat hap dan.
Hinh 15-14 |a thi nghiém lién hgp pha duoc thuc hién bc’ri’Jack Feinberg & dai hoc Southerm Ca lifornia
Hinh15-14a la anh khéng bi méo ban dau ctia mét con m €o. Anh con meo bi méo khi cho n6 di qua ban kinh
mang Vvat c6 boi keo. Anh bi méo, séng ma ching ta s& dung 1a A,, duoc biéu dién trong hinh 15-14b. Qua
viéc st dung lién hop pha, &nh bi méo duoc phuc hoi vé dang ban dau clia né qua sy tao séng A,. Sdng A, tir
quatrinh lién hop pha duoc bié’u~dién trong hinh 15-14c.

Vi quatrinh dwoc biéu dién trong hinh 15-14 c6 thé dwoc thwc hién trong thoi gian thuc nén nd rat hiru
dung, nhung nhu cau vé hai chum sang két hgp A, va A, lam cho viéc thyc thi nd 16n x6n. Gido su Feinberg
da kham phé rarang bang cach chon Iya vat liéu va diéu kién thuc nghiém thich hop, chi can A, dé thyc hién
lién hop pha. Qua thyc, anh dugc biéu dién trong hinh 15-14 thu dugc chi dung A,. Quatrinh ndy duoc goi la
lién hop pha tu bom. . . )

Hinh 15-14. Sy phuc hdi anh dung lién hop pha. (a) Anh ban dau cia meo. Anh bi lam méo bang cach
boi keo Ién ban kinh mang vat. (c) Sv méo anh bi loai trir v a &nh duoc phuc héi bang cach dung lién hop pha.
Sv phuc hoi hoan chinh khong thé thie hién dwoc vi mot so tin hiéu méo khong qua bo li én hop pha. (Courtesy
Jack Feinberg, University of Southerm Canifornia.)

DE giai thich cach thirc va nguyén nhan xuét hién cta sw lién hop pha tw bom can phai dwa vao moét qua
trinh vat ly méi vamot vai sy diéu chinh Ii thuy€t gan véi hé s6 ghép. Khong c6 nhiéu thai gian dé k héo sat
chl dé nay. Sinh vién co thé tham khao mot gigi thiéu rat dé hiéu vé chi dé n ay cla gido sv Feinberg.

Trong chuong nay, anh hudng cla treong quang hoc manh dugc khao sat. Sy phan cyc cam (ng do
trvong quang hoc khong thé xem la ham tuyén tinh theo treong quang hoc nita, ma bay gio dwoc mo ta bang
chuoi lly thira

PP =P+ wy B+ 2y VIE] + ) Xy EVE + ) wym EMEEL 4
j i il j,l,m
Ching ta dung dé cam dién moi
y="_1=n?-1
€9
Nhu tham s6 khai trién.
Do cam tuyén tinh duoc dinh nghta la
P(o;) = X(l) (@;)e,0E;
Thu dwgc bang cach bd qua tinh chét phi tuyén
Ne? 1
X v (wi ) - 2 2\2 2.2
€oMm \/((Di —0y)" +7 o
Su phan cuc phi tuyén bac hai dwoc dinh nghia la
P(o, iw]) =Py (@) = X(Z) (o, i‘i)j)'soEi Ej

D0 cadm bac hai tim dugc bang cach st dung Ii thuyét nhiéu loan bac nhat. Néu moi tr wong dat vao co

tan sd khac nhau, thi Ii thuyét thu dwgc do cdm tan s6 tong vatan so hiéu la
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Ne X,
g EE.

i=j

x®( £0,) =

Ne* 82/ m? (15.6)
€9

\/((Diz _0)5)2 +Y2(’3i2 \/(0312 _mg)z +Y2®jz\/[(®i imj)z _0)5]2 +Y2((Di im,‘)z

Vé mat thuc nghiém cé thé do duwoc hé so quang phi tuyén. N6 duoc dinh nghta bai phuong trinh
P(20) = d(20)E? cos(20t — 2kz)

D0i voi sw phat song hai bac hai, chiing ta cé thé viét d theo do cam tuyén tinh & séng anh sang co ban
va hal bac hai

d(20) =d 22 5% M6 [, 6 ) P9 (20)
Phuong tr|nh sOng do6i véi moi trudng phi tuyén
OE 0°E o°P
VZE=uo —+ e + NL
MO T e T e
Puoc rit ra trong chwong nay, nhwng chua thu dwoc nghiém tong quéat ciia nd. Dang mot chiéu cla
phuong trinh song dugc xét cho trwong hop khi Ak =k, —k, —k, =0. K&t qua la dinh luat bdo toan nang
lvong dwoc goi lahé thirc Manley-Rowe,

1 [g, O . 1 |e, O . 1 (e, 0O .
. (ElEl): : (EzEz):_ 2 (EsEs)
o, | p 0z o, \ p oz 0, | B 0z

Béng céch gia sir rang tuong tac phi tuyén yéu, dé hai séng téi co thé xem nhu khong ddi, va béng céch
ding su bao toan nang lwvgng, mat do thdng luvong ctia séng phi tuyén duwgc tao ra bang

- ®? (Jsdzl_zsls{sinz(AkL/Z)}

2n,n,n, (AKL/2)
Vi vector Poynting ti 1é v&i d?va1/n®, chang ta dinh nghfa hé s6 phdm chét cta cac vat liéu phi tuyén
3
m=9
n®

Hé s6 pham chat nay cho phép so sanh tinh nang cGa cac vat liéu phi tuyén. Néu Ak =0, thi cac song co
ban & tan s6 ®, va w, truyén vgi van tdc khac voi van tée ctia song ha phi tuyén dwgc tao ra ¢ tan s6 o,. Céc
song léch pha trong khoang cach dugc goi lachiéu dai két hop. BAi véi su tao song hai bac hai, do dai két hop
bang

A
(g =—"2t —
4(n3 - nl)

Trén khoang cach bang chiéu dai két hop, nang lwong duoc chuyén tir song co ban sang séng hai. Trén
khodng cach tir /_ dén 2/, nang lvgng dugc chuyén nguoc lai tir séng hai sang séng co ban. Sy chuyén nang
lrong tudn hoan ndy tiép tuc mién la cac sdng van con trong méi trwdng phi tuyén. Khi Ak = 0, céc sdng hop
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phavatét cd ning luvong duoc chuyén tir séng co ban sang song hai. Chéng han, bién do cia séng hai dwoc tao
ra trong cac diéu kién hgp pha & wvi tri L trong mdi trwong phi  tuyén la

E(20) = E;(») tanh{EO (®) de\/E}
g

Hop pha cé thé duoc tao ra b
Su bién thién tuan hoan cla hé s6 phi tuyén.
Dung s bién doi pha do phan xa toan phan.
Duing chiét suét clia cac mode khac nhau trong 6ng dan song dién moi.
Dung cac vector séng khong song song dé tao ra Ak =0.
Dung s kién chiét suét tia bat thuvong trong mai truang ludng chiét cé thé thay doi tvr n, dén n,
bang céach diéu chinh hudng truyén.
S hop pha dung tinh lu@ng chiét dugc tao ra bang cach thdaman maot trong bon phwong trinh sau:

agrwDdPE

rle<nO rle>no
Typel
ne(0)3) =—n ( 1)+ 2n ((02) no(ms) =—n ( 1)"‘ 2n (032)
O3 QL O3 W3
Typell
Q)] Q)]
ne(0)3) = _lne(('ol) +_2no((02)1 no(ms) =—n ( 1) + 2n (C‘)z)
o, o, o, o,

Chi su phi tuyén bac ba dugc thao luan, s phi tuyén gan véi lién hop pha. Su phi tuyén bac ba lién
quan dén bdn song; bién do phirc clia cac séng 3 va 4 dwoc cho béi phwong trinh

dA, .(x)x(s)\/E .
z 2 8A1A2A3
. ay @ -
dA _ x2 \/EA&AZ

e

Anh huéng ciia cac séng 1 va 2 dugc tinh hop vao trong I thuyét bang cach ding hé s6 ghép

©F
oYy, Hope
=73 \KA&AZ
Bién d6 phtrc clia séng 3
cos{kz| . sinfk|(z-L)
A(2) = A,(0)
cogklL " [kloosk(L

Ti 1€ v&i lién hop clia séng bon tai z=0.
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