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Quang hoc phi tuyén
Céc hiéu ing quang phi tuyén lién quan dén sy phat hién anh sang va trong tat ca cac thiét bi diéu bién quang
hoc dugce thao luén trong chuong 14. Trude nam 1960, cac hiéu (ng quang phi tuyén nay 1a khac thuong va cac
hé thong quang hoc truyen thong duoc phan tich bang 1y thuyét tuyén tinh. Viéc bo qua cac hiéu ung quang phi
tuyén 13 do khong thé tao ra cac trudng quang hoc manh. V&i sy kién ché tao thanh cong laser ruby cua
Theodore Harold Maiman vao thang 7 nam 1960 thi da c6 mot ngubn anh sang manh c6 thé tao ra cac hi¢u
ung quang ph1 tuyén (budng laser v6i cong tédc Q c6 do sang 16n bang 10* lan dén hd quang thuy ngén ap suét
cao). Thi ngiém quang phi tuyén dau tién dugc thuc hién boi Peter A.Franken cing véi mot sb nha nghién
ctru khac ¢ truong dai hoc Michigan. Nhém nghién ctru Michigan dau tién da thyc hién thi nghiém phat song
hai bac hai, sau d6 1a thi nghiém chinh Iuu quang hoc. Linh virc quang phi tuyén da phat trién nhanh va ngay
nay nd da tré thanh mét linh vuc nghién ctru rong 16n va nang dong.
Ly thuyét ma chung ta xay dung cho quang hoc da gia sur rang : mdi quan hé giira dién truong dat vao va dap
g ctia mdi truong vat lidu 1a tuyén tinh hay do phan cuc

P=¢o0 yE
Dung laser thong thuong chiang han nhu laser Nd:YAG, thi c6 thé tao ra mot xung 1Mw, véi d6 rong xung 1a 1
nano giay ( bang 10°s) & budc song 1 zm va dudng kinh chum anh sang thong thudng 1 1mm? s& cho ta mot
cudng do dién truong peak 12 10” V/m. Néu chung ta tap trung chim &nh sang ndy vao dién tich khoang A2 thi
cuong do dién truong c6 thé dat dén 101 V/m. Cuong d6 dién truong nay vao bac cuong do dién truong nguyén
tr cho nén nd qué 16n va vi vy khong thé xem mdi quan hé giita P va E 1a tuyén tinh nira. Trong chuong nay,
chung ta s& xét cac hiéu ing quang phi tuyén bang cach gia str mbi quan hé gitra P va E dugc miéu ta boi chudi
Ity thtra sau:

P"=P° +ZX”EW +qu,u2 E}' +ZXU|EW1EW2 + ) XimE[EEy +ZXIJ,EW18W2 +..
j,Im

Diéu nay co nghia la chung ta gia su rang cac hiéu tng quang phi tuyen 1a nhiéu loan nho 1én dic diém tuyén
tinh ma chang ta da miéu ta. M&i s6 hang trong khai trién nay c6 thé Gmg v6i mot hién twong duoc quan sat
trong quang hoc.®®

1. S6 hang dau tién trong khai trién tng voi sy phan cuc mot chidu tic thoi (@ =0) cua vat liéu. Mdi quan hé
ctia s6 hang nay véi quang hoc khong d& thiy ngay, nhung c6 mot vai tng dung quang hoc quan trong str dung
su phan cuc ndy. Hoa dién 1a cac vat liéu thé hién tinh phan cuc dién khi nhiét d6 cua tinh thé thay d6i, vat liéu
thé hién hiéu ung nay co6 cac 6 don vi co cuc, tuc 1a 6 don vi cua tinh thé c6 mdmen ludng cuc toan phén. Mubi
rochelle, Wurtizile, va duong mia 1a cac vat liéu hoa dién. Sy phan cuc cam tng nhiét do 1a khong bén ma bi
trung hoa do su di tra dién tich caa bé mit tinh thé. Do d0, su thay dbi nhiét do diéu khién su phan cuc.

A <\ , A A 5 A 5 e dT \ ” ’ A ’ ’ I , ) A A
Detector dugc cheé tao tur cac vat liéu hoa dién chi nhay véi E va chi c6 thé dap ting vdi cac blic xa bién diéu,

chopper, cac dong xung btrc xa. Dé ché tao cac detector nay, cac dién cuc duogc gén vao céc tinh thé hoa dién
v6i su dinh hudng vudng géce véi truc phan cuc. Blc xa dén trén bé mat detector gay ra sy thay ddi nhiét d6 cua
tinh thé qua hi¢u trng hoa dién va thay ddi su phan cuc dién tirc thoi. Mgt dong dién duogce tao ra dé trung hoa sy
phan cyc cdm ng nhiét ty 1€ voi su thay ddi nhiét do cua tinh thé. Tinh thé hoa dién duogc dung trong quang hoc
nhu mot detector phat xa dai rong va (mg dung thuong mai ciia né 1 trong cac cong tic anh sang dugc kich
hoat béng nhiét. Vat liéu detector pho bién 1a LiTaO3.

Sat dién 1a mot vat liéu hoa dién the hién trt tu xa ctia cic moomen ludng cuc, tao ra sy phén cyc tirc thoi. Khi
dat vao dién truong ngoai chat sat dién s& huong tmg khac voi cac chat khac do sy ton tai cua d6 phan cyc ty
phat. Sy hudng g nay tao ra dudng tré sat dién dugc mo ta hay v& nhu mot ham phi tuyén tinh theo dién
truong D= ¢¢ & E.

Khi dt vao 1 dién truong nguogc goi 1a truong khang dién, dén khi dién truong theo chiéu ngugc di 16n cd su
bao hoa theo chidu nguoc va néu quay nguoc dién truong cé sy tré tuong tu. Do cic domen trong tinh thé gidng
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Typical Members of Ferroelectric Classes

Crystal

Name Formula Group
Barium titanate BaTiO3 m3m
KDP KH2PO4 42m

Rochelle salt NaK{CqH40¢)-4H20 222
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Material Class Element X<, 107 m/V A, um

Te 32 111 1.0x10% 10.6

LiNbO5 3m 222 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

LilOs 6 331 —-11.2 1.06
333 —8.4

CdSe 6mm 131 62 10.6
311 57
333 109

GaAs 43m 123 377 10.6
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Material A, pm no Ne d, ref. KDP M, x107%

Te 5.3 4.86 6.3 2835
10.6 458 6.25 dy; =1298

ADP 0.265 1.59 1.54 0.08
0.53 1.53 1.48 1.14
1.06 1.51 1.47 d3s =1.21

LiNbO3 0.53 2.33 2.23 3.03
1.06 2.24 2.16 dis =125

AgGaSey 53 2.61 258 8.58
10.6 2.59 2.56 dzg =76

ZnGePs 5.3 3.11 3.15 146
10.6 3.07 3.11 dg =173

CdGeAs; 5.3 353 3.62 810
10.6 3.50 3.59 dag =472

Nedan

_ 2m?
d2w) = (15-11)
[(w? — w3)? + y2w?] \/(4a)2 — w3)? + y?4w?
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P (w3)

Pyws) | =

P,(w3) - ]
Ex(w1)Ex(wz)
Ey(w1)Ey(wz)

dy1 di2 diz dia dis dis E,(w1)E;(ws2)

do; doo dos dog dos d (15-14)
20 T2z T2 T4 T T E(w1)Edwz) + Ex@)Ey(w2)
d3; dsz dsz daq d3s dss

E(w1)E;(w2) + Ex(w1)Ex(w2)
Ex(w1)Eg(w2) + Ey(w1)Ex(w2) |
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Class 2 e-rays, 1 o-ray 2 o-rays, 1 e-ray

6 0 dis sin @

q 0 di5 sin @

6mm 0 dis sin @

4mm 0 di5 sin 8

622 0 0
644 0 0

6m?2 dp2 cos 20 cos 3¢ —dgz cos @ sin 3¢
3m doz cos 28 cos 3¢ dis sin @ — dap cos 6 sin 3¢

6 (d11 sin 3¢ + doo cos 3¢)cos 2p (d11 cos 3¢ = da2 sin 3¢)cos @
3 (d11 sin 3¢ + do2 cos 3¢)cos 29 d15 sin @ + (di1 cos 3¢ — dg2 sin 3¢) cos @
32 di1 cos 26 sin 3¢ diy cos 8 cos 3¢

4 (d14 cos 2¢p — di5 sin 2¢b) sin 26 —(d14 sin 2¢p + dp5 cos 2¢)sin 6
42m diq sin 26 cos 2¢ —diq sin @ sin 2¢

JE d2H
Vx = =—, 2

ot at2

JH #°E dE  3°%Pnr
VX— =ell + Y) 75 + o— +

gt "ol + X5 + o 912

(15-16)
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VXVXE = —;Nx%l;l
(15-17)

JE
UVxVxH =¢(1 + X)an + ¢VXE

o"!E JE (9!

P
VXVXE + pe(l + ¥ M -0 (15-18)

at2 ot H a2

VXVXH + pep(l + x)

Jt? ot

d°E aZPNL

P € Yy + u 12 {(15-19)
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0°Pnr(w1)

P = —(w3 — w3)°dE}E; exp{ —il(wsz — w2)t — (k3 — kp)z]} + c.c.

(15-21)

JdE1\
'%(k%a + 2ikg El) gler—ha | ¢ =

E; .
(i1 oy — @2 e )—z—le“wﬂ—kﬂ) tce. (15-22)

w?ud . _
— ”2—E3E2 exp{ilwit — (ks — ko)z]} + c.c.

exp|—i(wit — kiz — )]

k
I

= —;( exp| —ilw1t — kyz)]

— .2
kl = Wile€]

_ o1 [p iwy [p x .
E = —E' 6_1 El— 7 6_1 dEg E2 exp[—l(kg - k2 - kl)z} (15-23)

dEo ay [ p iwy [ . ,
7z ——2— 6_2 E2— ——2—- 6_2 dE3 El exp[—l(kg - k2 - kl)z] (15-24)

2V e 2

OE iwy |
=2 e nglEz exp|—ilky + ks —ks)z]  (15-25)
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JE;
i ———E E}E3 wl\/'] (15-26)
JE id n
E; .92 = 25 {EYE; wz‘/: (15-27)
E; =2 —-EE1 EE} wg‘/; (15-28)

1 €2 d * 1 €3 d o,
—=—(EzE3) = —— [——(E3E 15-29)
p,az(ElE 1) = wsV ,u,az(Ez 2) w3V #O.,z( sE3)
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TABLE 15.6 Second Harmonic Coherence Length

Crystal A le, €XP. 4, calc.
KDP 0.694 um 185 um 18.8 um
KD*P 0.694 20.6

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

ADP 1.06 21. 20.6

BaTiO3 1.06 5.8
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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
(a) atom 1, generates a harmonic wave H at atom 2.

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

b) atoms.

F F F F
H H
@ @@ H .
(c)
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.
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E(t)

Eit+)

E(t)E(t+)

i

FIGURE 15-7b. The two pulses are
overlapped in space, the second
curve from bottom, by adjusting 7.
The overlapping pulses produce the
second harmonic emission shown as
the bottom curve. Only the area
under the pulse at the second har-
monic is detected. Temporal resclu-
tion is obtained by varying T.
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KDP at 300 K and 1 pm
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Quartz at room
temperature
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- =
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Wavelength

LiNbO; at 300 K
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Index of refraction
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KDP at 300 K

1.53

1.51

1.49

Index of refraction

l
0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 18 2.0
Wavelength

FIGURE 15-11. Dispersion in KDP. The birefringence is large enough in KDP to allow bo
type-1 and type-Il phase matching for the doubling of 1.0 um. Note the angle for type-1 pha

matching is 42.4°.
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