Chuong IV
BAN DAN VO DINH HINH (VDH)

Trong chuong nay trinh bay so luge vé cong nghé ché
tao va phan loai céc bin dan VDH; cdu triic dai nang luong
dién tir va cdc dac thi cia dang cdc mat do trang thdi cé
lien quan dén tinh din dién, nhilng co ché dén, dén hién
tuong "chuyén mach”, "nhd" v.v...; dac biét trinh bay cic
dic diém cua do quang dan, do hdp thy quang hoc lién quan
dén co ché chuyén doi trong dai va gitta cdc dai; cling xét
cu thé trudng hop bén dan Si VDH va céc thily tinh ban dan
VDH va cudi cling gidi thiéu tém tat vé vat liéu siéu mang
ban dan.

I. BAN DAN VDH: CONG NGHE CHE TAO, CAU TRUC VA
PHAN LOAI

Ciing giong nhu cdc vat liéu VDH khic, ¢6 hai
phuong phap théng dung dé nhan dugc céc chat ran ban din
VDH. b6 1a: 1) Cac phuong phdp ché tao dudi dang cdc I6p
mong (hoac mang mong) nhu boc bay trong chan khong,
phong dién qua khi kém (glow discharge), phiin xa
ca-tot, lang dong tir pha hoi, lang dong dién hoa 2) ché
tao dudi dang cdc vat khdi bang cdch 1am ngudi tir thé néng
chay lam ngudi nhanh hodc véi cdc hé chat c¢6 kha nang
thiy tinh hoa tir thé 16ng.

Tiy theo muc dich tng dung ngudi ta cé thé ding
cong nghé ché tao thich hgp. Cdu tric va tinh chat thu dugc
cha vat liu chat rin ban dan VDH rit phu thudc vao thong
s& clia cong nghé va cdc khau cha qud trinh xtr 1y (nhiét,
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dién - tit, co hoc v.v...). Hinh 4.1 cho so d6 thiét bi phéng

dién d€ nhén dugc céc 16p silic VDH (viét tt a- -Si) loai p va
¢6 do dan cao.
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Hinh 4.1. Thiét bi ché'tao bang phuong phdp phéng dién
qua khi kém cho lop a-Si loai p ¢6 d6 ddn cao
1. Binh khi Hidré (H,); 2. Binh khi Silan (SiH,); 3. Luu téc ké-
4. Cuon day tao tix truomg; 5. Catét; 6. Hinh tru kim loai anét;
7. Nguon cao dp; 8. Gid dé'Iop a-Si; 9. Mdy hiit chdn khong
Binh phdn ¢ng 14 mét 6ng thach anh A duoc hit chan
khong (9), cdc catét (5) ¢6 gid ngung dong (8) ¢ phia trén,
xung quanh catét cé mot hinh tru anét (6) Dong hén hop
khi H,/SiH, (5% silane SiH,), dugc cung cip vio binh phéan
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tng, kiém tra bang luu t6c k& (3), tir trudng cla cdc cudn
day (4) tap trung dong dién tir gdy va cham manh vdi cic
phan tir khi dé tao dong platxma ¢6 néng d¢ cao. Cac ion Si
sé ngung dong trén gid ngung dong (8). Néu giit nhiét do
ctia gid ngung dong (8) < 200°C thi phép phan tich bang tia
X cho thdy s& dat dugc 16p a-Si c¢6 chita hitrd (ky higu
a-Si: H).

]

Se : R : . As

Hinh 4.2. Gidn d6 cdu tit ctia hop chat 3 cdu tir (Se, As, Ge)
1. Ving 6 thé hinh thanh thiy tink bdn dan

Thiy tinh bin din thudng nhan duge bing cdch 1am
ngudi nhanh cdc hgp chat 2, 3... cdu tir tir thé 1ong véi cdc
thanh phan trong mot viing xdc dinh cia gian do cdu tir. Néi
chung cdc thity tinh ban din cé ciu tric 6n dinh bén ving
hon cdc ban ddn VDH ch€ tao dang 16p mong, vi khd xay ra
qué trinh két tinh. Cic thiy tinh ban dan duge nghién ci
nhiéu va dé ché tao 1a As,Te,, As,Se;, As,S,, Te,AsSi Cd
Ge As, v.v... Trén hinh v& 4.2 trinh bay viing thty tinh ban
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dan ctia hgp chat 3 cdu tir (Se, Ge, As).

Céc phuong phdp nghién cltu cdu triic chat ran VDH
da néi chi tiét trong cdc chuong 1, 2 cua cudn sdch nay. O
day chi nhdn manh mot s6 dic diém cta chat ran ban dan
VDH. Vi su hinh thanh cdc dang cdu triic rat anh hudng dén
tinh bdn dan, nén cac vat liéu dugc ché€ tao ra cin duge
ki€m tra ky vé mat cdu tric. Chi khi khong phét hién duoc
cac hat cd kich thude vai chuc A thi méi ¢6 the coi vat licu
la déng nhat, khong cé tdch pha hoac cdc hat vi tinh thé.

Hinh 4.3. Dang ham 4nr’p(r) ciia a-Ge
Cling cn xdc dinh trat tw gdn trong miu, bing céch
xdc dinh ham phéan bé xuyén tam cla céc nguyén tit trong
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ban dan VDH. Do phan b6 gdc clia blic xa tdn xa (tia
rongen hoic chim notrén), dang phép bién déi Furié ¢6 thé
xac dinh dugc ham phan bé xuyeén tam 4nrp(r). Vi p(r) 13
ham phéan b doi, nén 4nr’p(r) chinh 1a s6 nguyén tir trung
binh & xung quanh mdt nguyén tr da chon, trong pham vi
khoang cdch r. Trén hinh 4.3 (trang trudc) cho ham 4nr’p(r)
cua a - Ge theorr.

Vi tri ctia cuc dai thd nhéat cho ta khoang cach trung
binh dén cic nguyén tlr sat canh thir nhat, con dién tich (do
lay tich phan) & dudi mii nhon cua cuc dai d6 ty 1é vdi s6
trung binh cdc nguyén t & hinh cdu phdi vi thd nhdt
Dudng (---) trén hinh 4.3 c¢6 dang parabon la dudng lay
trung binh clla diong lién (—), tuong \ng véi trudng hop
gia dinh 1a vat liéu cé cing mat dé nhu a-Ge nhung phan bo
{ién tuc. '

Dang Bin n, n, . N
ciutric | dan | (VDPH) | (tinh thé) | r(VDH)A | (tinh thé)A
VDH
Tadién | Ge 4 4 | 247-254] 243
Si 4 4 2,37-241 2,35

InSe {In:3,465 | In:3Se In-Se:2,6 In-Se:2,5
Se:3,46In Se:3In

Xeplép | As 3 3 2,40 2,51
Sb 3 3 2,87 2,87
Vongva | Se 2 2 2314234 2,32
chudi Te } ) _ .
Buang 4.1

n, 1a s6 phoi vi thudc hinh cdu phéi vi thit nhat
r, 14 ban kinh cuia hinh cau phéi vi thit nhat

Deé phén loai cic dang cdu tric cia bian dan VDH c¢é
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thé cin ¢t vio trat tur gan, co so sanh véi cdc dac diém cla
hinh cdu phéi vi thit nhit cla dang tinh thé twvong tng. Do
d6 ciing ¢6 thé chia thanh céc dang: i dién, xép I6p, vong
va chudi ... nhu trinh bay trén bang 4.1 & trén.

Bing 4.1 thé hién mot quy tac thuc nghiém cua
Joffe va Regel phit biéu ring: chat ran ban dan VDH vén
¢oOn gitr tinh ban dan mac dau I trat tv xa (tinh tudn hoan
cla tinh thé) da bi mat, mién la & pha VDH trat ty gén vin
cdn gilt nhu cii (tde 1a s6 phdi vi va bdn kinh cta hinh cau
phai vi thit nhat...). Ngoai cic dang cho trén bang 4.1 con
phat hién thay Bo VDH (a-B) véi n, = 6 ¢6 cau triic véi trat
tr gdn dang da dién 20 mat déu (icosahedral).

Ngoai ra con thdy cac ban dan VDH c¢6 thé ¢é ciu
tric vai trat ty gdn dang hén hop. Vi du nhu cacbon VDH
(a-C) c6 thé ¢6 cau tric VDH véin, =3 va n, = 4 cling tén
tai trong mau do. Cing tuong ty nhu vay & cic ban dan
VDH dang A"BY, A,YB,Y!, A"B"! ... cling cé cac dang trat -
tr gdn hén hgp.

II. CAU TRUC DAI NANG LUGNG VA PO DAN CUA BAN DAN
VDH. HIEU UNG PAO MACH VA NHO

1. Cac mau chat ran VPH

Nhu da trinh bay trong chuong 3, mac dau trong chat
rin VDH khong con tinh tudn hoan (trat tu xa) nhung vén
con (rat ty gan va van ton tai cdc dai nang luong cua dién tr
trong chat ran VDH. Tuy nhién phép tinh 1y thuyét ching to
rang, phu thugc vao céc nhiéu loan cla trudng thé, do su
mat trat tr Xa gy ra, ngay trong cdc dai cho phép ciing c6
thé xudt hién céc trang thai dinh xif, nghia 1a trong dai cho
phép khoéng phai moi muc nang luong déu g véi cdc trang
thdi trai rong. Ap dung két qua trén day vao cdc chat rin
bin dan VDH, ¢6 cdc mau chi yéu sau day:
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a. Mdu Motr - CFO

Theo mau nay dai héa tri va dai din cich nhau boi
mét dai cAm, giong nhu véi tinh thé. Tuy nhién do c&u tric
VDH, céc trang théi dinh x& cla cédc bién dai din va dai
hoa tri kéo dai vao trong, mic Fermi € lui vio khodng giita
dai cam. Bién cta dai cdm xdc dinh khéng phéi bang bién
cuia déi héa tri vi dai din, ma bang bién cba do linh dong
cua cdc dai tuong tmg, nhu trinh bay trén hinh 4.4.
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Hinh 4.4. Mdu Motr - CFO ctia chdt rdn bén ddn VDH déng héa tri
b. Mdu Davis - Mot

Theo miu nay bién do linh dong & chinh €. va g,
nhung cac trang thdi dinh xi¥ do mat trat ty xa gisi han
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Hinh 4.5. Mdu Davis - Mott

ey

iy FL! |
& & gL'&

Hinh 4.6. Mdu Marshall - Owen

dén céc bién €, va g5 (xem hinh v& 4.5). Con cac trang thdi
dinh x gay ra bdi cdc sai hong (tap chat, chd tréng v.v...} &
mitc Fermi c6 céc dudi kéo dai vé phia cdc dai dan va dai
héa tri nhung véi mat do gidm nhanh, Déi con O gilta dai
c&m nay c6 tdc dung dinh vi mic Fermi, do d6 phu hop véi
viac gidi thich cdc tinh chat cla bdn dan VDH loai nay ©
trong truong dién tir bién thién. Déi con ndy ciing c6 thé
tach doi trong mot trudng hop dac biét.
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c. Mdu Marshall - Owen

Mau nay dua ra chu yé&u dé giai thich cic tinh chit clia
cdc 16p ban dan VDH kiéu As,Se;. Miic Fermi & duoc xéc
dinh bdi céc dai dond hoac axepto trong dai c&m, nhu thdy
trén hinh vé 4.6 (trang trudc).

Tiy theo cdc cau hinh cia cdu tmic VDH con ¢ thé
dua ra nhieu dang dai nang luong cla dién 1 trong ban din
VDH, chiing c6 thé dan dén nhiéu tinh chat diic thii nhu céc
hiéu iing dao mach va hiéu img nhd, nhu s& thiy sau niy.
Cac phuong phdp mé phong hién nay, két hgp véi cac
phuong tién tinh todn hién dai, cho phép xdc dinh cdc dang
dai nang luong trong ban dan VDH rét nhanh chéng.

2. Do dan cida cac ban dan VDH phu thudce vao cac
dang mau dai nang luong va loai hat dan

a. Do dan do cdc hat dan dugc kich thich tir cac trang
thdi trai rong twong ty nhu ciia tinh thé ban din, nghia 13

(EF — SV)
o = _(E=8y) 4.1
S exp[ T (4.1)
trong dé thong s6 o, cho bdi biéu thitc
0,06¢°
Gy~ (4.2)
hr,

(cho cac bin din VDH c6 s6 phdi vi bang 6, r, 14 thong s6
thé hién anh hudng cla thiang gidng thé nang trong chat rin
VDH lén mét d¢ trang théi). Néu trong 4.2 chon r, ~ 43 thi
¢ ~3500m~'cm™. Trong phdn 16n cdc ban din VPH thi o,
c6 gid tri tir 100 dén 500 om'crm. Biéu thifc khéc clia o, 1a

oo =M, Jk, T, (4.3)

trong dé p, 1 do linh dong ting véi mitc co ban clia hat dan,

145



né bién thién nghich dao véi nhiét do T, bai vay T, khong
phu thuéc nhiét do. Do dé tir (4.1) ta s& thdy dudng biéu
dién Inc theo 1/T s& 12 mét dudng thing nhu thiy trén hinh
V& (4.7).

} Ane

-
~

~
-~

>4
£

Hinh 4.7. Su phu thudc tuyén tinh cua InG theo 1/T
b. D6 dan dién lién quan dén cdc hat dén kich thich tir
céc trang thdi dinh xt & gin bién dai nang luong, vi du &
gin g,, g5 (xem hinh vé& 4.5). Ciing gia thiét rang hat dan co
ban 1a céc 16, d6 d4n cho co ché nhay céc cho bdi biéu thitc

£,.—E8,+As
o =0, exp(— jk:—_T—l] (4.4)

trong d6 Ae, 1a nang lugng kich hoat cdc bude nhay clia hat
dan (dinh xi), €, 14 ning lugng & bién dai (xem hinh v&
4.5). Gii tri cha o, nho hon g, tir 10* + 10* 14n, 1a do vira
gidm mat d¢ trang thdi vira giam d¢ linh doéng twong ing.
Ta cling ¢6 lién hé tuyén tinh gifta Inc va 1/T, suy tir 4.4.

¢. DO dan dién lién quan dén qud trinh nhay céc cla
cdc hat din kich thich tir cAc mic cia trang thai dinh xu
gdn mitc Fermi g;. Tuong tu nhu trén c6 biéu thic
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Ag, -
G =0, exp[— kgi‘_"] (4.5)

trong d6 o, ciing ¢& véi o, (G, = G;), con nang lugng kich
hoat nhay céc clia dién tir Ae, xd4p xi 1/2 bé rong cla dai
nang luong do sai hong, nhu thdy trén hinh 4.5. Su phu
thuoc cla Ino vao 1/T, theo nhu (4.5) ciing c6 dang duong
thang néu o, vd Aeg, khong phu thuéc nhiét do. Thuc ra
dang dudmg thang ch1 dat duge khi d¢ dan chu yéu [a do doi

muc (nhay coc) xay ra gura céc mite dinh xi canh nhau. O
khu vuc nhét do thip biéu thic

ﬁng = A—BT7.14 (4.6)
phil hop hon véi thue nghiém vi ldc dé vai trd clia cdc nhay
céc gilta cdc mife dinh xit xa nhau tré nén quan trong.

Tém lai d6 din cta ban didn VDH s& bao gdm do dan
clia ca ba qud trinh dan trén day. Mot céich tdng quat ¢é thé
x4c dinh d6 din téng cong theo cong thitc, qua mat df trang
thai N(g) nhu sau:

0‘=ejN(8)”11(8)f(8 )de (4.7)

trong dé cdc ham N(g), p(e), f(e) 1an lugt 1a mat do trang
thdi, do linh dong va ham phan bo Boltzmann tng véi nang
luogng trang thai €. Chud ¥ ring ham f(g) & day 1a mo ta phan
b6 cic trang thai & trén mic €, ma khong phai 1a mo ta
phan bé dién tir (ldc d6 phai 1a ham Fermi - Dirac). Cac
haim N(e), u(g), f(e) theo miu Davis - Mott ¢6 dang nhu
trinh bay trén hinh 4.8 (ng v6i T, > T, > Ty).

Trén hinh 4.9 trinh bay d8 thi biéu dién su bién d6i
cha Inc theo nhiét do tng véi céc co ch&€ va dang chung
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Hinh 4.8. Dang cdc ham N(e), p(s), fle), ofe)
theo mau Davis - Mot (T, > T,>T,)

trong bén din VDH.

G nhiét d¢ phong thi nghiem (20°C) néi chung do dan
G cua cdc ban din VDH c6 thé viet bang biéu thiic

G = Cexp(— ](AZ,J (4.8)
B

trong d6 C va Ag 1a hai thong s6 dac trung cho méi ban din
VDH. Hinh 4.9 trinh bay vi trf ciia cdc bin din VDH trén
ban dé (C, Ag). Trén ban dé nay khong thdy c6 méi quan hé
10 rét nao gilta C va Ae (& nhiét do phong).

V6i cdc ban din VDH khong phai 1a thiy tinh s& phat
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Hinlt4.9. Phin bd'C, Ae (trong cong thire {4.8)}
ctia hdn dan VOH & nhiér do phong

hién thay c6 dot bién vé do dén khi di qua diém ndng chay,
nhu trén hinh 4.10

Con doéi véi céc thiy tinh bdn dan thi dang phu thudc
Inc vao 1/T khong thay déi dot bien khi di qua diém néng
chay thiy tinh, tuy nhién & thé léng c6 thé c6 do déc cao
hon nhu trén hinh 4.11.

Khi hat dan duge phéng vao bén dan, déng thoi c6
trudng ngoat £ tac dong, thi cc hat din dé s& dich chuyén
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150



4 oo S Jeo 00 T(K)

Hinfv 4.11. Sue phu thude a vae 1 ciia thiiy tinh ban dan
theo chiéu (16} hodc nguoc chidu (dién tir) v6i van toc trung
binh ¥, d¢ linh déng cua ching goi 14 do linh dong kéo
theo dugc xdc dinh bang biéu thic

v

DT = (4.9)
2

H

Trong bdn dan tinh thé, gia sit & do sau g, cach ddy dai

dan c¢é cdc tam bat, mat do trang théi clia cdc tam bat 1a N,

va mit do trang thdi hiéu dung cha dai din bén trén 13 N,
d6 linh dong kéo theo khi d6 cho béi biéu thic
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N, P[ £, J
L, =M, —exp ——— (4.10)
,’ iX }‘ } 1]\]’ kHT
trong do , ta do linh dong thong thudmg o trang thdi can
bing.

Trong cdc bin dan VDH, néu cdec mic dinh xit ciing
ting tuyén tinh véi khoang cdch dén bién cha dai, thi do
linh dong kéo theo ciing ¢6 thé ching minh ¢6 dang tuong
tu

Ae ( Ae J
My = Hy kBTCXp #/\’HiT (411)

trong dé Ae la khoang cdch dén bién cua dai cta cdc trang
thdi dinh xit. Theo (4.11) cling s& ¢é quan hé tuyén tinh
gilia Inp,, va 1/T. Két qua ndy di dugc thuc nghiém xdc
nhan ¢ nhicu bdn dan VDH, tuy nhién vi tinh da dang cta
cdu tric cdc Jai nén su phu thude cua Inp,, vio nhiét do
cung rdt da dang va phu thudc ca vao khoang nhiét do. Thi
du & cic mang a - Si thdy dang tuyén tinh, nhung dén
khoang T = 200K thi lai ¢6 su thay déi do déc.

3. b6 dan trong truong bién thién cta ban dan
VDH

Ciing giong nhu khi xét d¢ dan tinh, sé xem xét ba
truong hop tmg vdi ba loai hat dan.

a. Véi cac hat dan (tr do) ung v6t cdc trang thai
khong dinh xit (trdi rong) & gin €, hodc €, s& ¢6 biéu thiic
giong nhu & trong tinh thé

C)=> (4.12)

trong d6é o(0) la do dan tng véi trudng tinh, t 1a thoi gian
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héi phuc. Vi hat dén "tu do" c6 thoi gian héi phuc rat ngan
(1 ~ 10" sec) nén chi véi tan s6 cao (v = 10" sec”') thi mdi
thdy 1 su phu thuoc cla t theo w. Con vdi cdc tan s6 thap
nhu tin s6 thuoc dii séng vo tuyén (v = 107 sec™) thi s&
khéng thay rd su phu thude clia T vao .

b. Véi cac hat dan kich thich tir céc trang thdi dinh x@
& gén bién cdc ddi héa tri hodc dai dan va dan bang co ché
nhay céc, thi do dan s& phu thuéc vao o theo dang
o(n[v,/o])*, nghia 1a xap xi ©"® khi @«vy; v, 12 tdn 6
ctia dao dong phonon dic trung trong ban dan VDH.
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Hinh 4.11’ o(w) ctia mot s6 thity tinh bdn dén Chalcogenide
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¢. V6i cdc hat dan kich thich t¥ cdc trang thai dinh xi
& lan can & va dan bang co ché nhay céc thi Davis vi Mott
tim dugc bidu thic.

G((D)=%T[ eszT[N(gF)]zﬁm{ln[%ﬂ (4.13)

trong d6 B 1a mét thong s6 phu thude vao ciu hinh trat
gan cla chat ban din VDH ma khong phu thudc vio tin so
@. Trong (4.13) ta thdy su phu thudc © coa do din trong
truong hop nay cling gidng nhu trudng hop cdc hat din kich
thich tr cdc muc dinh xi cta trudng hop b) trén day.

Hinh 4.11" trinh bay d6 thi biéu dién su phu thuéc tan
s0 cua ¢ dan mot s6 thliy tinh ban din loai Chalcogenide,
tr d6 thi trén hinh 4.11' ching ta thay khi tan s6 l6n hon
MHz thi d¢ dan ~ ©°®. Vi quan sét thiy d¢ din dang nay it
phu thugc nhiét do, nén c6 thé d6 1a trudng hop thuec vio
co ché xét & trudmg hop c) trén day.

4. Hiéu itng dao va nhé trong mang mong ban dan
VbH

Dau tién Ovshinsky va sau d6 nhiéu ngudi khéc
nghi¢n ciu phat hién thay trong cdc mang mong bdn din
VDH, ma dién hinh 13 cdc ming méng thiy tinh
Chaleogenide (As,Se;, As,Tes, As,S; ...), ¢6 hién tugng dao
va nhd, t6n tai va 1ap lai nhiéu lan én dinh (c6 khi lap lai
dén 10'° 14n ma vat liéu khong bi phd hiy). D& lam thi
nghi¢ém thudng ché tao méu do c6 cdu hinh gém 16p mang
mong thly tinh bén dan (goi 12 vat liéu Ovonic) kep gifta 2
dién cuc nhu trén hinh v& 4.12, tat ca trén mot gia dé. Khi
tdc dung dién thé V gifta 2 dién cuc dac tuyén I-V c6 thé
¢6 dang nhu trén hinh vé 4.13a, 4.13b.
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1 - dién cuc

2 - vat li¢u ovonic
3 - Idp cdch dicn
4 - pgid d€

L

Hinl 4.13a. Hién ing ddo ctia QOvonic
Trén hinh 4.13a ta thiy Khi V tang ien qud mot gid tri
t6i han V, (trong khodng 105 von/em thi phan tf ovenic
chuyén tir trang théi dién 14 cao (diém A) sang trang thai
dién trd thdp (diém B) tic 1a tir dong dién thap dot bién
sang dong dién 16n ma lai giam hiéu dién th&, nghia [ ing
v6i doan AB ¢6 dién trd vi phan c6 gid tri am. Sy bién déi
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dot ngot trén day goi 1a hieu ung dao, nghia [a dao tir trang
thai ngat (OFF) sang trang th4i thong dién (ON). Khi da
t6i B phai giit dién the d€ cho dong dién dugc duy tri &
trang thdi thong dién (thudng git V ¢& | von va I ¢
0.1-0,5 mA). Néu gidm dién th¢ hoac dong dién xuéng
dudi dién thé hoac dong dién duy tri d6 thi trang thai thong
dién s&€ mat di va trd vé trang thdi ngat.

Il.

| )

Hinh 4.13h. Hiéu x’mg nhé ciia Ovonic

Trén hinh 4.13b thi khéc véi dac tuyén V-1 ciia hiéu
ing dao (4.13a), ngay ci khi ta gidm dién th€ xudng gan s6
(} trang thdi thong dién vén duy tri, va ta got hiéu ting Xay ra
d6 1a hiéu dng nhé. Muon cho né tré vé trang thdi ngat thi
phai "xo0d" bing mot xung c6 dién thé phan cuc ngugc lai.
Cic linh kién nay thudng c6 dién tr& & trang thdi ngit
khodng 10°+107 ohm & 300K. Thei gian ddo thudng rat
nhanh ¢ < 10"'%ec. .

Nhitmg qud trinh dién tir xay ra trong ban din VDH
dan dén cac hiéu ting ddo va nhé di duge nhiéu cong trinh
nghién ciu dé cip dén. Pa dua ra nhiéu co che dé gidi
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thich, nhung chua ¢6 co ché nio cé thé bao quit duoc cdc
hién tuong ddo va nhd rit da dang da phar hién ra.
Du6i day giéi thiéu co ché do Mott giai thich nhu sau.
Khi tru’ong da 16n, cic dién nr duge gia t6c ¢ di nang
lugng dé bu vao su t6n hao do phét xa phonon, khi dé né s&
kich hoat cdc dién tir khdc tham gia qua trinh dan va hinh
thanh moét platxma dan dién duge duy tri gdn cde dien cuc.
Do d6 c6 su dao sang trang thdi thong dién. D¢ danh gid
dién th& téi han ta ¢o biéu thitc
epE} =hey’, (4.14)

trong d6 ho,, 1a nang luong clia phonon khoang 3.107%V,
do linh dong cia dién tr g~ 3 cm’/von.sec, ta tim thdy
E, ~ 3.10° V/cm. O day khong xay ra qua trinh ddnh thing
nhu v6i chat dién moi do hiéu tng nhiét nay sinh. Bdi vay
tinh 1ap lai duge duy tri va vat liéu khong bi phé hay.

Tuy nhién hién nay cic linh kién Ovonic khéng thé
thay duge céc linh kién ban dan tmh thé dong hiéu tng 16p

chuyén tiép p - n, vi 6 6n dinh' vé chat lu'(mg va cong nghé
ché tao chua dat (6i ¥ nghia thuong mai 6 thé canh tranh,

IIL. TINH CHAT QUANG HOC CUA BAN DAN VPH

Tinh chat quang hoc ciia bdn ddn VDH c6 nhiimg dac
diém khdc véi ban dan tinh thé 13 do cdu tric daj nang
luong trong ban dan VDH xudt hién cac trang thai dinh xu
0 bién cdc dai din va dai héa tri va ¢6 thé & ca gdn miic
Fermi (theo méau Davis - Mott). Duéi day s& xét dén 16t s6
dic diém cta tinh chat quang hoc clia chin g.

1. Do quang dan va hiéu suit luong tir

Céc ban dan VDH thudng c6 tinh chat quang dién trgy
15 rét, dién trd thay doi déng ké khi doi 4nh sing c6 tan s6
thich hop.
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Po nhay dat gi tri cuc dai khi nang lugng photon cua
4nh séng chiéu ing véi ngudng chuyén doi dién tit gilta cac
dai, tuy nhién trong bdn dan VDH thi tinh phu thudc vao
pho (tin s8) khong rd nét nhu trong tinh thé bdn dan. Do
quang dan tang déan trong khu vuc bién cua dai hdp thu
quang hoc va tién dan dén bio hoa khi tang nang lugng
photon. Khic véi tinh thé, & bin din VDH khi tlep tuc ting
nang lumlg photon d& quang dan khong tut xudng. Diéu do
ching 16 rang trong ban din VDH qua trinh tai hyp trong
khéi dp dio qud trinh tdi hop trén 1dp bé mat,

\ : X £, &Y
i ;) 2 fe.,
Hinh 4.14. o va Ao phu thudce € photon ctia mét 56 hén dan VOH
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Do quang dan tinh boi biéu thire
AG = Oy, - Oy = HEAD (4.15)
trong dé An I mat d¢ can bang clia cdc hat din du (phit
sinh) voi do linh dong p. C6 thé viét biéu thte ¢lia An nhu
sau:
m™md,(1- R)[l - exp(—ad)]
n= y
trong dé d 1a bé day ciia mau thi nghiém, I, 12 cudng do caa
dong btic xa t6i, R 12 hé s6 phan xa, o 1a hé s6 hap thu van
1a hiéu suat lugng tr cha qué trinh tao ra hat din boi
photon (tic 14 s6 hat dan trung binh sinh ra khi mét photon
b1 hdp thu). Trén hinh v& 4.14 trinh bay dé6 thi biéu dién phé
quang dén cua moét s6 ban din VDH ciing véi hé s6 hap thu
a.

(4.16)

2. Bién hap thu cia ban dan VDPH

Qua trinh hap thu bic xa dién tir cling giéng nhu trong
tinh thé, nghia 12 khi ning Iugng photon con nhé thi chi
yéu la gay ra su doi miq dién tr gita cdc muc trong dai
canh nhau hodc véi cdc mife tap & gén dai v.v... va khi d6 hé
s6 hap thu nhé. Khi tang nang luong photon thi hé s6 hdp
thu o cling tang lén. Dén gid tri ning lugng photon twong
Ung v&i bé rong dai cam thi o dot ngot tang manh. Nhu &
phan bién hap thu c6 thé chia ra phan o nhd va kéo dai vé
phia € photon nhoé (duéi dai hip thu) va phin o cé gid tri
cao.

O phan a c6 gid tri nhd ¢& 10 cm™ trd lai trong nhiéu
bin dan VDH phat hién thay hé s6 hdp thu c¢é dang ham
mi.

o~ exp(ysphoton) (4'17)
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trong do6 y 132 mot hé s6 ¢6 thit nguyén (eV)'. Hinh v& 4.15
va bang 4.2 cho ta mét s6 két qua thuc nghiém & bién hap
thu mét s6 bdan dan VDH.

C6 nhiéu gia thiét nham giai thich dang (4.17) bang
co ché tuong téc giita dién tir va 16 (co ché éxiton).

Hinh 4.15. Bién hdp thu dang ham mi

Vit liéu Y, (eV)!
GeTe 15
Te 18
As,Te, 19
CdGeAs, 19
As,Se; 20
Se 17
AS,S, 19

Bdng 4.2

160



O phin duoi clia bien hip thu, tic 1a vé phia € photon
nho, cling giong nhi trong tinh thé, ¢6 dang duoi goi 1a
duoi Urbach, ma ¢ d6 o cho boi biéu thitc

n (T)ﬂ
| (4.18)

_,'n'.'um.'f
ale e)‘}i
P mmu l’
‘o

trong do 7' 1a hé s6 ¢& don vi, E\u (T) la su phu thudc cua be
rong dai cdm vao nhiét do T, T* 1a nhi¢t dé hicu dung (né
khong déi & khu vue nhiét do thap vaty 1é véi T & khu VUC
nhiét do cao).

O viing hé s6 hap thu cao (o > 10* cm'™) phép tinh cho
thity sy phu thudce cua o vao nang lugng photon cé dung
ham mi, cho bt biéu thie

(6 o) ~ (Si’ ‘8)_ (4.19)

phaton
trong d6 €, goi la dii caAm quang hoc, s6 [y thita r ¢6 gid
tri xdp xi 2+3. O day qué trinh hép thu chi y&u la chuyén
doi hat dan gitia cdc dai, bao gém chuyén doi truc tiép va
khong truc tiép cé su tham gia coa phonén.

Hinh v& 4.16 cho dé thi phu thuoc cia o (khu vire ¢é
gid tri 16n 6 bién hap thy) vao nang lugng photon clia mot
$0 bdn dan VDH.

V&i €000 160 hon, ¢6 thé 161 20eV véi cdc photon dai
cuc tim ta ¢6 the xem xét phé cta bén din VDH, ciing
giéng nhur véi tinh thé, bang cdch do phan phifc clia hing s6
dién moi €, qua viéc do hé s6 phan xa. Ta ¢6 biéu thitc cia
€,
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neo, (4.20)

trong d6 n 1a chiét xuit, o 1a hé s6 hap thu. Hinh vé 4.17
cho su phu thudc cia e, vao nang luong photon ctia Ge tinh

thé va a - Ge.

o S S VT
r‘}- Vl - 010
(Kmw)™? (eviam™)

N P T 1:2 . =
Hinlt 4.16. Danyg phu thude ciia { Q) VO ndng licong
photon €., cita mr ¢ bin dian VOH



FE.4))

F 30 i
:

tev)

Hinh 4.17. Phé €, cia Ge tinh thé (---) va cita a - Ge (-} theo €4,

P6i vdi cac ban dan VDH ciing gidng nhu a - Ge (rén
hinh 4.17, chiing ta thdy phé ctia chiing "don gidn" hon ph6
cha tinh thé tuong img. C6 thé gai thich diéu nay ve tinh
déng huéng ciia cdu tric VDH, dong thoi céu tric ddi nang
lwong trong chat rin VDH tiing ¢6 sy "nhoe ra" & cic bién
daiv.v...

IV. SILIC VO PINH HINH VA THUY TINH CHALCOGENIDE

Silic vo dinh hinh (a - S : H) ¢6 tap hydro duge dung
trong nhiéu k¥ thuat hi¢n nay nhu pin mét woi (pin dnh
séng), thiét bi ghi hinh va hién thi v.v.. Céc thay tinh
chalcogenide 1 nhitng vat liéu rat ¢6 trién vong trong cong
nghé quang tich hop (integrated optoelectronics) vi ching
c6 hién tuong dao va nhd (4.2.4). Dudi day trinh bay nhimg
tinh chit chinh clia ching va mét s6 ing dung.
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I. Silic vo dinh hinh

Cac 16p silic vo dinh hinh (a - Si) thudng duge ché tao
bang phéng dién qua khi kém (glow discharge) trong binh
phan tng ¢6 hén hop khi H, + Silane (SiH,), nhu trinh bay
trén hinh v& 4.1. Tinh chét ctia a - Si thu dugc, nhu di néi &
irén, phu thude nhay cam vao céc thong s cong nghé cua
qud trinh phéng dién. Tuy nhién tinh chat cta ching kh4 6n

- I
4o
o
e
| .
1=}
i o
I
PEY
o ;
g .
L } reay

g 1 Z 3 4 5 6

Hinh 417" Ham phan b xuveén tam 4nr-p(r) etiv u-Si
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dinh va qud trinh két tinh chi xay ra khi u chung lén nhiét
do trén S00°C.

Trén hinh 4.17' cho dang cia ham phan b6 xuyén am
clia mang a - Si va d6i ching v6i mang tinh thé Si ciing tir
mang dé sau khi u trén 500°C ma thanh.

V) -
>4 Owsi)
4
o
-
»
Fa [
JO - -
b
-
£
$ » + » E
P 7'_ 2 3 rL

Hinh 418 Bién hdp thu cda a - Si so sdnh vdi Si tinh thé

Theo cuc dai thit nhét c6 thé x4c dinh khodng cdch
nguyén tr va s6 phdi vi cua hinh cu phdi vi thit nhét la
2,35A va 4,0 £ 0,1, nghia I khong khic biét may véi mang
Si tinh thé twong tng.

Theo cuc dai thif 2 ciing tinh ra khoang céch nguyén
tir va s6 phéi vi ctia hinh c4u phdi vi thit hai 13 3,864 va
11,6 £ 0,5, ciing khong khic méy véi mang Si tinh thé
tuong {mng.

Nhung cyc dai thit 3 ¢é & mang Si tinh thé thi hiu nhu
bién mat & trong mang a - Si.

Nhitmg mang a - Si ¢6 dd dan dién phu thudc rat phiic
tap vio qué trinh x{r 1y nhiét (G nhiét). N6i chung c6 thé
biéu dién su phu thudc cha dién trés suét vio nhiét do bing
cong thirc
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Hinh 4.19. Bién hdp thu cia a - Si sau i nhiét
Ag

p=p,expl . (4.8)'

k,T

Véi cdc mang a - Si ché tao bing phuong phdp phéng
dién qua chat khi 1am phan huy Silane (SiH,) véi dién thé
c6 tdn s6 & dai séng vo tuyén, nhiét do gid d€ ngung tu
mang a - Si 13 400K, thi p, ~ 10* ohm.cm va Ae ~0,84 eV.
Nhu vay mang c6 dién trd sult rdt cao ¢ nhiét do phong
p =~ 10'%hm.cm.

Ciing tuong tu nhu do dan dién, tinh chit quang hoc
cla a - Si cling rdt phu thudc vao qui trinh ché tao va xu ly
nhiét. Hinh vé 4.18 cho thdy su so sanh bién hip thu cua
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a - Si va tinh thé Si. Hinh 4.19 cho d6 thi bién hép thu cla
a - Si sau khi da G & khodng 100°C trong 2 gi¢ (van con la
a - Si) va sau khi da 0 & 949°C trong 2 gi¥ (da két tinh).
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e r s
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" Hinh 4.20. Ddi hdp thu co bdn ciia a - Si
50 sdnh voi Si tinh thé

Su so sanh dai hdp thu co ban clia a - Si va tinh thé Si
cho trén hinh 4.20. Ciling nhu véi Ge ching ta thiy dai hap
thu cha a - Si chiing td6 qud trinh hdp thu bit ddu & ning
. luong photon thap hon so véi ca Si tinh thé va cdu tric dai
cling don gidn hon (khéng cé cuc dai thit hai).

Su gidi thich céc tinh chdt dién va quang cla a - Si c6
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thé dua vao cdc gidi thich chung vé c4c bén din VDH & cic
muc II va IT két hop véi céc tinh chat phu thudgc vao qua
trinh ché tao cdc 16p a - Si va qud trinh xir Iy nhiét cic I6p
do.

Cac 16p a - Si ¢6 ngam hydro, ché tao bing phuong
phap nhu trinh bay trén hinh 4.1, (Hydrogenated a-Si - a-
Si:H) ¢6 thé chita hydro tir 5% dén 10%.

Trong 16p moéng a - Si : H cdc nguyén tir hydrd 6 thé
¢6 lier ket héa hoc véi cdc nguyen tit Si theo kidu = Si : H,
nghia 1a ngoai ba lién két Si - Si trong mang tir dién cua Si
con ¢6 lien ket thit or gitra Si va H bing cap dién tir (ky hiéu
bang hai chém :). Nhitng nguyén tir hydré con lai khong cé
lién ket héa hoc vé6i cdc nguyen tir Si, c6 thé x&p vio mat
trong cdc vi 16 héng luon luén 6 trong cic 16p méng a - Si,
moi vi 16 héng ¢6 thé chita tir 5 - 9 nguyen tir hydro.

Sur ¢6 mat hydroé trong mang méng a - Si : H lam cho
chiing c6 nhiéu tinh chét dién va quang dac biét, do d6 din
dén nhi€u Wng dung quan trong, ma duéi day néi dén mot
s6 ing dung quan trong nhit.

Trudce hét cic 16p mong a - Si : H duge ding rit ¢ két
qud dé 1am pin mit troi (PMT). Trén mat I6p a - Si : H, gia
du c6 do dan loai n, tao ra 16p c6 do din loai p & sat mat
ngodi. Su thay déi loai din clia 16p ngoai ciing nay cé thé
thuc hién bang céch thém vao dong khi (xem hinh 4.1) di
vao binh phan tng mot luong nhé khi pha tap diborane
(B,Hg). Céc ion B sé tao ra céc hat din 12 16, tic 1a tinh din
P. Do d6 sat bé mat c6 mét 16p chuyén p - n. Khi chiéu 4nh
sang mat trdi vao I6p chuyén p - n, c4c photon sé& kich thich
dién tr 1&n dai dén va xuat hién 16 trong dai héa tri. Céc
dién tir dn do trudng xudt hién tai 16p p - n s& di sau vio
phia trong, cdn cic 16 di ra phia ngodi. Chiing ta s& thu
duge dong dién khi n6i dién cuc (trong suét) trén mat véi
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dién cuc dé cua lép a - Si : H. PMT diing lép a - Si : H ¢6
hi¢u sudt bi€n déi nang lugng mat trdi sang dién nang kha
cao thong thuong 8+9%, dic biét cé thé dat 13+15% PMT
dung a - Si : H ¢6 gid ré hon PMT dung Si tinh thé, hién
dugc dung rong réi trén cic vé tinh nhén tao, tram vii tru,
may tinh bo tdi, dong hé v.v... va cung cdp dién & cic noi
xa X061 héo lanh,

D3 c6 du dn xay dung nha may dién dung PMT dén
50 MW va dang dugc thuc hién & An bo.

a-Si:Hcon dugc dung 1am 16p phi cho kinh néi
(floating glass - kinh néi: ché tao bing cach kéo ngang tdm
thuy tinh trén bé kim loai néng chay, do dé rat phang vi
khong c6 tng suat ndi nén rat bén, 1a loai vat lieu xay dung
dugc ua chudng hién nay). Theo dang phé & bién hdp thu
clia a - Si : H, ta thdy né s& phan xa manh 4nh sdng vung
kha kién va hong ngoal do dé giir cho buong dugc mat khi

ngoai troi ning to va giir cho buéng duogc am khi ngoai troi
lanh. Lép phi ndy c6 bé day vai tram A nghia 12 rat mong.

Do d¢ quang din cao, cdc ldp a - Si : H ¢6 thé duge
ding dé in dién (xerography). D3 sdn xuit va bdn hang
trigu mdy photocopy ding a - Si : H (hiang Canon)

Ngoai ra ciac I6p a - Si voi dién tr& sudt cao
(IO'OQcm) d9 quang dén Ién, c6 thé ing dung vao k¥ thuat
hién thi, ghi hinh trong cac camera (loal nhu vidicon), cic
mdy anh ghi hinh s& héa v.v..

2. Thay tinh chalcogenide

Nhiéu tinh chat dién, quang clia cdc thly tinh
chalogenide da duoc trinh bay t6ng quat ¢ muc trén, dudi
day chi néi chi tiét thém vé mot s6 di duoc nghién ciu
nhiéu hon vi du nhu As,S;. N6 ¢é cdu tric véi trat tu gan
twong (v nhu ¢ trang thdi tinh thé vé s& nguyén tir thuoce
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Hinh 4.21. Bién hdp thu ciia As,S, VDH
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Hinh 4.22. Pho phdn xa R cia As,S; VOH
hinh c4u phdi vi thit nhit va thit 2.
Bién hdp thu thay doi theo nhiét do va niang huong
photont cho trén hinh 4.21, phé phan xa R trinh bay trén
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hinh 4.22. Céc tinh chét trén day cé thé giai thich bang mo
hinh Davis - Mott vé mat do trang thdi cia As,S; VDH trén
hinh 4.23.

bl 41

J(‘(?)

As,S,

Hinn 4.23. M6 hinh dai mdt ao trang thai cia As-S,

Loai thuy tinh Chalcogenide thit hai dugc nghién citu
nhiéu [a As,Se; va As,Te; va hgp chat giita chiing
As,Se;-As,Te;. Mot s6 thuy tinh Chalcogenide 3 ciu tir
khéc ciing dugc nghién ciru nhu As,SeTe, Tey, Ge,sSb, v.v...
Ching ¢6 nhitng tinh chadt dac biét caa vat liéu ovonic,
nghia la c6 hiéu ing dao va hiéu tng nhd, nhu da trinh bay
g diém 4.2.4.

3. Selen VDH: Vat liéu in dién xerography

Selen vo dinh hinh ¢6 thé thu dugc bang cich cho
selen tinh thé bdc bay trong chan khéng trén mot gid dé
(thiy tinh hodc tdim Al ddnh béng) giit & nhiét d6 khoing
100°C. Khi d6 thu duoc 16p Se VDH. Bién hé s6 hap thu
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cta a - Se cho trén hinh v& 4.24 con dai hdp thu co ban cla
a - Se trinh bay trén hinh 4. 25.

[
C'((C/Yn—')
..:Dq
2
]
44
‘.-'l - E'FL (CV)
! A5 3 3,5

Hinh 4.24. Bién hdp thu cua a - Se

[} 4 ) 4 &rzv(CV)

Hinh 4.25. Ddi hdp thu co bdn ciia a-Se
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a - Se di dugc phat hién tir sém 1a c6 thé ing dung dé
lam vat liéu in dién. Qua trinh in dién (kcerography) trinh
bdy trén hinh v& 4.26. K¥ thuat in hién dai va dac biét la cic
mdy nhan ban (photocopy) sl dung rdt rong rai cic ban
a - Se, cic trong a - Se...

V. SIEU MANG BAN DAN

Siéu mang 13 cdc cau tric mang tinh thé ¢6 hai loai
trat 1 xa tring 1én nhau, mot loai ¢6 cé chu ky nhu trong
tinh thé thong thudng, loai tht hai thudng 1a theo mot chicu
¢6 chu ky 16n hon chu k¥ cta loai thi nhdt rat nhiéu. Sicu
mang, nhu di biét, dd duge phdt hién thay & nhiéu hop kim.

Néu hai chu ky ndi trén ¢6 tinh chat la chu ky dai
bing s6 nguyén lan cta chu ky ngan ta goi 1a ching thong
ude v&i nhau (commensurable), nguoc lai 1a khong thong
ude v6i nhau (incommensurable). Dudi day chi néi vé mot
loai siéu mang ban dan gém nhiéu 16p tinh thé hai chicu
x€p 1én nhau theo chiéu z, ma theo chi¢u nay c6 mot chu ky
tuan hoan rat 1én hon chu ky mang.

Nhu s& thiy dudi day loai siéu mang ban dan (SMBS)
niy ¢6 cdu triic dai nang Nrong ¢6 thé thay déi duoc theo ¥
muén, nghia 13 ¢6 thé tao ra cong nghé dai nang luong
(zone ingeenering).

Nh& tién bo vuot bac cia cong nghé ché tao cac mang
mong nudi ciy (epitaxy), dac biét Ia cong nghé nudi cay
bang chiim phdn wr (Molecular Bean Epitaxy - MBE) ¢6 thé
ché tao duge cdc SMBD theo ¥ muon.

1. Cong nghé MBE

Khi ché tao cdc mang méng kim loai hoac ban dan,
thuong diing phuong phép boc bay trong chén khong. Cac
vat liéu can béc bay duge dat trong cdc 10 nhd bang kim
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Hinh 4.26. Qud trinh in dién ding hdn a - S«
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Joai hoic gom, hoac thach anh... ¢é tinh chiu nhiét cao,
xung quanh ching 1a cdc ngudn nhiét (s¢i dot, thanh dot
v.v...) trén chiing 13 cdc gia d€ dé hUng: cdc chum nguyén
boe hoi ngung tu 1én thanh mang mong.

- Il :

n
LHAN XHONG

-

Hinh 4.27. So dé mdy nuoi cdy bing chivm phdn nr MBE

Tat ca dat trong binh hut chan khong cé dp suat rat
thap Do day cua mang mon;: dugc khong ché bang thiét bi
chuén (tr dong héa déng md man chan theo chu ky cta cic

1op).
Tuy nhién phuong phédp trén day khong dung duge dé
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che tao SMBD, vi & day phai khéng ché timg I6p nguyén tir
va cdu tric timg 16p 1a tinh thé hai chiéu, ngoii ra do sach
cua siéu mang phai 1a "dé sach ban din". Dép tng cic yéu
cdu d6 thi€t bi MBE d4 ra doi; nguyén tic hoat dong clia
MBE trinh bay so bo trén hinh vé 4.27.

Cic k§ thuat chan khéng cao nhit duge sir dung dé
bao dam cdp chan khong siéu cao trong buéng chan khong
(dp suat < 10" mmHg). Cac € bao Knudsen nung chay cic
vat ligu siéu tinh khiét va chim hoi nguyén i cic vat liéu
do phéng qua mot 16 nhoé ctia t& bao vé hudng tinh thé gia
d€ ma tai d6 qué trinh nuéi cdy (epitaxy) xday ra. Chim
nguyén tr mat do thip va do chan khong cao sao cho
quang duong tu do trung binh cla cdc nguyén tir vio ci
kich thujc cia budng chan khéng. Nhu vay khong ¢6 hién
tuong va cham trong chat kKhi cdc nguyeén tir va chung bay
thang tir ngudn dén gid d& theo "trang thii chum phan tir".
Nhu vay méi 6 dieu kién d€ ki€m sodt qué trinh nuoi cay
timg 16p nguyén tir mot.

bay [a loai thié€t bi rdt phitc tap, dit tién va doi hoi
kinh nghi¢m st dung phai that thanh thao méi dat két qua.

2. Siéu mang ban dan t6 hep va pha tap

Cic SMBD ché tao bing phuong phip MBE la cic
si¢u mang phing, gém céc 16p ban din & dang mang mong
Vi cdc hé hat dan (dién i, 16) hai chiéu (song song véi gid
de cpitaxy). Theo truc z vuéng géc véi mit phéng cua
SMBD ¢6 su sip xép tudn hoan cdc mang mong, tic 1a tao
ra mot chu ky thit hai (d) chéng {én chu k¥ mang (a). Néu
hai mang méng lién ti€p 1a thude hai loai vat licu khic
nhau: mét thude vit A va mét thude vat B. Nhu vay ta cé
cdc mang mong A, B ¢6 bé day d xép 14n luot lén nhau, d 13
mot s6 nguyen lan cta a. SMBD nhu vay goi 13 siéu mang
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I - AsGa
- AsGaAl

IO TPyt

—

Hinli 4.28 SMBD t6 hop

t6 hop, xem hinh 4.28. Bé day va chu ky ctia 16p A va B cd
thé khdc nhau, mién li ta cé sy sdap x€p tuan hoan
ABABAB...
Loai SMBD thit hai ¢6 thé ché tao bang phuong phap
pha tap lan lugt tap chat A, tap chit B vao cung mot vat liéu
ban dan. Tap chdt A va B tao ra cic mang mong bdn dan c6
tinh chat khdc nhau. Nhu vay ta cling ¢6 cdc 16p ¢6 cung bé
day d chéng x&p lén nhay theo trat ty tuan hoan ABAB.. va
¢6 SMBD goi 12 SMBD pha tap (hinh v& 4.29).

Theo chiéu z vuong gbc véi mat phfmg ctia SMBD ¢6
thé ding mau mot chiéu dé xem xét ciu tric cua dai nang
lugng. Chu ky a ctia cdc 16p tinh thé trong tng véi dai nang
lugng rong voi bién 14 +m/a, wong ty nhu VGl mau

Kronig - Penney. Con véi chu ky d cia siéu mang thi lai
twong dng vdi cic dai nang lugng c6 bé rong nho hon va véi
bieén 1a  +m/d, nhu trén hinh v& 4.30. Cac dai nang Juong

nho & trong dai chinh con goi la dai mini.
Pé cu thé xét trudng hop SMBD t6 hop gom céc lop
mang mong GaAs (16p A) va Iép mang mong Ga, ,ALAs
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(16p B) nhu trén hinh v& 4.31. BE day cia I6p A la d,, cua
lop B 11 d,. Lép A ¢6 do sau coa ho thé dai dian 1a
Ac = 138 meV, con d¢ sau cla ho the dai héa tri cta 16p B
la Av=162 meV (A= Av+ Ac =300 meV = &} —¢! trong

dé e, va . 1a bé rong dai cam cha ban din GaAs vi

fiinh 4.29. SMBD pha ap

Al Ga, As véi x =0,3).
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Hinh 4.30. Suw hinh thanh cdc ddi mini trong SM phdng
e chiky d va chu ky tinh thé a (d»a)
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Hinh 4.31. Cau triic ndng lwong cia SMBD GaAs - Al Ga,,; As

Phép tinh thong thudng cho ta mic nang luong
g€, =(d,) cba dién tIr trong dai din mini th j trong 16p

mang mong A (GaAs) cé do day d,, nhu sau:

e, (d)2 = (1) (4.21)
c 1

(i=1,273.)
trong d6 m! 1a khoi luong hiéu dung trong dai dan cua I6p
A (GaAs). Tu (4.21) thuc nghiém cho thady €, =~ 50mel véi
d, = 100A. Cong thic (4.21) chi gin diing va cé gia tri khi
£,; 1At nhd hon hiéu cuc ti€u cha cdc dii din cha I6p A va
16p B, nghia 13 €,,« &) —¢, = Ac trong d6 € va ¢ la cyc
tiéu clia dai dén cia 1ép B va Iép A. Vi cic dién t trong céc
16p mang mong 14 khi dién tr 2 chiéu va chiéu z (rat nho so
véi kich thude theo chiéu x va y) 1a chiéu lugng tir héa cla
chuyén dong cua dién tr; boi vay, thuce ra phai xac dinh cic
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auc nang lugng trong ddi mini ting véi chuyén dong luong
tr héa (chiéu z), nghia 14 tinh ¢ (kz). Néu bo qua sy khic
nhau khong 16n cua cdce khéi lugng hiéu dung cha dién tir
trong 16p A v 16p B (m! =~ m?) ta c6 bidu thic:

£,(d k) =¢,(d)-A,(d,)cosk.d (4.22)

trong d6, nhu da néi & trén, & (d,,k ) 1a nang lugng cla
dién ta dai dan thude 16p A véi vecto séng ¢é thanh phan
theo chiéu z la kz; A_(d,) 12 bé rong cha dai mini phu
thugc manh vao d, vad =d, + d,.

Nhu vay wr (4.21) va (4.22) ching ta thdy rang thay
dodi d, va d, ta c6 thé Ira chon vi trf cia cdc dai mini €, va
A,|. Chinh vi vay bing k¥ thuat MBE da
tao ra kha nang "thiét k&" cic dai nang lugng theo ¥ mudn.
Nguoi ta goi k¥ thuat dé 1a "thiét k& dai niang lugng" (zone
ingeenering), ma trudc day thuong chi nghién citu céc dai
nang lugng sin dinh ra bdi cac vat liéu.

Cac SMBD rat da dang, trén day chi néu lén mot vi du
don gian. Con c6 thé tao ra cdc SMBD vé&i nhiéu tinh nang
rat doc déo.

Nho hi¢u Gng luong tlr héa theo chiéu z, do dan trong
SMBD tang cao lam giam dang ké thoi gian dao mach, do
d6 chiing duge dng dung dé ché tao céc vi mach téc dé cao.

SMBD con duge diing dic biét dé ché tao lade trong
thong tin lién lac vi kich thuée nhd va hiéu suét cao, vi da
dong ngudng t6i thifu d& phat lade cla SMBD
GaAs - Ga,  AsAl, gidm xuong chi con khoang 160A/cm?.

Ngoai ra con phat hién cdc hiéu tng nhu: dién tré vi
phan am, quang héi khéng 16 v.v... 1am cho SMBD &
thanh vat liéu mdéi quan trong.
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Chuong V

CHAT RAN DUNG LAM MAY PHAT LUQNG TU
(MPLT)

May phat lugng tir 1a cac thiét bi ngay nay dudc ing
dung rét rong rii, khong thé thay thé duge trong nhiéu finh
vuc. MPLT diing cac hoat chét & nhiéu thé (rdn, 1ong, khi);
c4c chat rin duge s dung 1am hoat chat trong MPLT ngay
cang nhiéu, dic biét trong linh vuc théng tin sgi quang.
Duéi day xét cdc nguyén 1y cta MPLT dung hoat chat la
chat 1. v mot s6 tng dung quan trong.

Vi cdc nguyén tit, ion gy ra hoat tinh cia chét ran
thudng phan b khong cé trat ty trén mot nén c6 thé 1a tinh
thé hoac chét rin VDH (thhy tinh), nén c6 thé img dung két
qua cdc chuong trén.

Mady phat lugng tir & dai tan siéu cao thudng goi la
made (chit viét tit tiéng Anh: MASER - Microwave
Amplification by Stimulated Emission of Radiation).

Mady phdt lugng tr & dai tan 4nh sdng va cao hon
thudng goi la lade (chi viét tat ti€ng Anh: LASER - Light
Amplification by Stimulated Emission of Radiation).

L LY THUYET EINSTEIN (ANHXTANH) VE PHAT XA VA HAP
THU CUA HE NGUYEN TU

Xét moét chat ran gédm nhiéu nguyén tr, goi ‘¥, 1a
trang thdi cia dién t& thudc nguyén tir Gng v6i mitc nang
lugng £, Khi khong c6 téc dung tit bén ngoai, nguyén tir O
trang thdi co ban. Dién tir ciia nguyén tir s& doi lén mic
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kich thich khi ¢6 tac dong tir bén ngoai (thi du bifc xa dién
tir). Dién tir khong ton tai mai & trang thdi kich thich dé, ma
chi sau thoi gian dac trung t (goi 1a thoi gian song & muc
kich thich) s& doi trd vé trang thédi co ban mot cdch tu phat.
Trong khi déi tu phét vé trang thdi cd ban, nang lugng duge
phét tra lai moi trudng bing cdc lugng tir birc xa, bifc xa dé
goi 1a birc xa tu phat. Bic xa ty phat (BXTP) khong c6
tinh dong bo vi qud trinh phét xa tuy phdt mang tinh nglu
nhién. Bifc xa phat ra tir ¢dc nguén tu nhién hoac cic ngudn
thong thudng (4nh sdng mat troi, 4nh sdng béng dén thong
thuong, bitc xa ciia cdc ang ten phat séng thong thuong
v.v...) déu Ia BXTP.

Khi nguyén tir & trang thdi kich thich ¢6 thé 1am cho
trd vé trang thdi co ban bang cédch tdc dung dién tir trudng
¢6 tan s6 thich hop. Khi d6 nguyén tir phat ra birc xa goi la
bite xa cam img (BXCU). BXCU ¢6 cing tdn s6, phuong
truyén, phuong phan cuc cua bic xa gdy ra cam tng. Pha
ciia BXCU ¢6 lién két chat ché vdi pha cia bic xa gay cam
ting. Do tinh chit trén BXCU ludn ¢6 tinh déng bo. Tinh
déng bo 1a mot tinh chét dac thi cha BXCU lam cho cic
MPLT phit ra BXCU c6 y nghla quan trong trong tng dung
k¥ thuat va cong nghé.

Dé nghién cttu nguyén Iy MPLT, xét tuong tdc cla he
nguyén tif trong chat ran véi bic xa dién tir. Gia thiét c6 thé
bd qua trong tic cua cic nguyeén tir va méi nguyén tir ¢ 2
trang thai dién tlr ing v&i hal mic g, va g, (g, < &,).

Hé nguyén tlr va bic xa dién tir ton tai & trang thai can

82 ——81 ~
- va

bang nhiét dong. Bic xa dién tir ¢§ tdn s6 v =

mat d6 phé p, tuong tng véi tin s6 v, cho b&i cong thire
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_ 8nhv; 1

p, = f (5.1)
c (hvo ]_1
exp kT

Goi A, va B,, 14 xdc sudt doi mitc tv phat va doi mitc
cam 1ng tr mic 2 xuéng mic 1, xem hinh v& 5.1, Trong
khoang thoi gian tir t dén t + dt s6 nguyén tlr ¢ trang thdi
doi tir mie 2 xudng muc | s& bing dz,,, cho béi biéu thic:

dz, = (A, +B,,p, )N, dt (5.2)

trong do N, 1a mat d6 nguyén tr & trang thai kich
thich (mudc 2) lic t. Ciing trong khoang thoi gian trén so
nguyén tr doi fir trang thdi 1 Ién trang théi 2 bing dz,, cho

boi biéu thiic:
dz,, = B,,p,Ndt (5.3)

trong dé By, la xac suit doi mitc tir mitc 1 lén mifc 2,
N, 1a mat d6 nguyén tir & trang théi 1 lic t.

&

Birc xa gy cam!img

Ve U

Bitc xa cam uing

4

Hinh 5.1. Dot nute cdm itng va phdt xa cam img

Khi can bang nhiét dong dugc thiét lap on dinh thi
dz, =dz,,do dé
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N, _ B.p,
N] B AE‘,I +Bllpa

(5.4)

Trong diéu kién ¢6 cin biing nhiét dong cédc nguyén tu
phan bé trén cdc mic theo phan bo Boltzmann nghia 1a

N, g ( Sz_glJ
=Z=exp| — 3.5
N, g T T (5-3)

trong d6 g,, g, 1a trong s6 théng ké cua mite 1 va miic
2. So sanh (5.4) va (5.5) ta dugc
AZI

. = (5.6)
B, 5 ex {hv"J-B
12 gz p kBT 21

Tl (5.6) ¢6 thé xdc dinh quan hé giita B,, va B, bang
diéu kién gidi han, tic 1a khi nhiét d¢ tang lén rat cao thi
mat do nang lugng cua phé bic xa ciing ting lén rit cao.
Nhu vay tir (5.6) suy ra

g2321 = nglz (57)
Thay (5.7) vao (5.6) tadugc
A4,
p, = v (5.8)
81 B ex ["W"jq
gz i3 p kBT
So sanh (5.8) vdi (5.1) ta thu dugc céic biéu thitc:
3
C
le = SﬂhV; A2] (5.9)
d g
1= — 4, (5.9) ’
" 8mhv]! g,

Céc hé s6 B,|, B, goi 1a cdc hé s6 Einstein. Trong
trudmg hop dién tir trudng ngoai tac dong lén hé khong phai
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[3 bitc xa don sic thi ngoai thanh phin cé tin s6 v, cdc
thanh phan ¢6 tdn s6 khac ciling cé thé gay doi miuc tir mifc
1 lén mirc 2. Goi W, la xac suat hap thu toan phan, xic
dinh bai biéu thic

W, = Jon (v )aev) (5.10)

trong d6 o, (v) la tiet dién hap thu phéton cé nang luong hy
clia nguyén tr dé doi tir mic 1 1én mic 2; J(v) 1a thong
lugng photon ¢6 ning lugng hv (tinh cho | don vi dién tich
vuong géc véi phuong truyén clia chiim buc xa).
cp{v)

hv

J(v)=

trong dé p(v) la mat do phé nang lugng cha bitc xa tng véi
tan s6 v. Xdc sudt hap thu toan phan W, va hé s6 Einstein
B,, ¢6 quan hé

Wi =Bpnpg (5.11)

Viéc xdc dinh cu thé c4c hé s6 Einstein theo cdc thong
s0 cua hé, phai xdc dinh bing 1y thuyét vi mé clia co ché
doi mic, ma ching ta khong thuc hién & diy qua sau vé 1y
thuyét, ¢6 thé tim thdy & cdc siach chuyén khio vé co hoc
lugng tr hoac théng ké luong ti.

IL. LY THUYET VE HAP THU VA BUC XA CAM UNG

Muén xay dung 1y thuyét vé hdp thu va biic xa cam
tmg mat cdch chinh xédc phai dung ly thuyét truomg luong
tir. Dé cho don gidn v ciing da cho viéc Gng dung, & day
dung cédc két qua cia co hoc lugng tir cho hé nguyén tir va
truomg dién tir duge dién 4 biang hé phuong trinh ¢é dién
tite 1a cdc phuong trinh Maxwell. Cing gia thiét rang cé thé
NG qua twong tdc giita cdc nguyén tlr trong chét ran.
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Cic trang thdi cioa nguyén tir khi chua c6 dién tir
truomg ngoai téc dong duge dién ta bang cdc ham séng W',
khi co dién tr truong tdc dong la ..

bién tir truong ngoai téc dong dugc mo ta bang thé
vecty A(r,t) nhu sau:

;I(F,t) = ;Io exp[i(kF —cut)]+ Agexp[— i(kr —u)t)] (5.12)

Vi tinh chat cla thé€ vecto, divAd =0, phan nhiéu loan
trong ham nang lrrong Hamiltonian cia hé sé 1a
€ -
H'=——4P (5.13)
m
trong d6 P la todn tir xung cia dién tir. O day ciling gia thiét
rang chi c6 mét dién ti 16p vo ngodi ctia nguyén tir chiu tic
dong cua bic xa.

Ap dung phuong phép nhiéu loan phu thuéc tudn hoan
vao thoi gian ta duge:
2
W = )
ni h (bﬂ”‘l

2n

2P
trong d6 W, 1a xdc sudt todn phan chuyén doi giifa mitc m
van; H';, 12 phan to ma tran cua H' trong biéu dién ¥,.

: e
=|=)4

v6i P(A,) 1a hinh chi€u cla todn tir xung P lén trén vecto
(e, —¢,)
h
Khi diong vecto théng lugng ning lugng
Umov - Pointing § ¢6 thé thay 4? nhu sau:
K€

A=
c 20

0] (5.14)

2

lexp(xikr)B(4,)]

HN

(5.15)

o

A, conwy, =

5  (5.16)
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Thay (5.16), (5.15) vao (5.14) ta dugc:

W =(}"’) Slexp(z )P4, 5 (0,.)-0) (5.47)
1

G, (@)J(®)
Tu (5.17) va (5 10) ¢6 thé xdc dinh tiét dieén hip thu

c,, = -I%:" *( hnz) ![exp (+ ikF )P( O)L” 8(}(0”,”

Néu bite xa dién tir khong tuyét doi don sic ma ¢6
mot bé rong phd nhat dinh, xdc suit chuyén doi toan phan
tro thanh

W, = (QT ‘eXp(ir ikF ).15(30 J T,

him o

mn

(5 18)

~’((s)"m); (5.19)

Trong pham vi nguyén tr k7 « 1 cho nénexp(z ikr)~ 1.
Mat khdc goi 0 la géc gitia P va A,, s& tim duge (A4 )]

dudi dang
(f’(ﬁo))m =(13)m cos =m(V) cosB

)XF) cosB

f?lﬂ' mn

=m(7),, cos6 =m(iv

Sau khi 14y trung binh cua binh phuong modun cho
moi phuong ta cé

2

- 2 1
'( P(Aﬂ ))mnl = 3- l’”IZ(Driu (F)mn (5'20)
Khi thay (5.20) vio (5.19) biéu thifc cha W, trd thanh
W= (—e—)z Len S, ) (7). (5.21)
mn nlh 3 2 nn min

Vi ‘S(a)m") =cp,/2m nén (5.21) ¢é dang
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e V1 2
H/nm _( ) IJ'(J pa ( ) (5‘22)
nih

6
So sdnh (5.22) v6i (5.11) thu dugc bidu thiic cla B,
1 e 2 = P -
=—| — 79
‘Bnm 6[?1”’1) 4 u'a (r)m,, (. ..-3)

Pé tim biéu thic clia A,,, ta coi qua trinh phat xa tu
phat nhur 2 qué trinh bic xa cua nhimng cuc dién. Ap dung
Iy thuy&t phdt xa cua ludng cuc Hertz, nang luong toan
phan phat ra trong mot don vi thoi gian I tinh bang.

2
e

Y
T 12n e C3m4|(r)m
0

Nhing vi 4 ho, =1, nén ta c6 biéu thic
2.3
e€w

A — mn ey
mn 127[: Eg hCB i(r)mn

(5.25)

Thaii gian s6ng T & mic trén (mitc m) chinh la nghiém
dao cha xac xudt A,
o I+ 121 €,k
Am" ezw:fm (F)mn i
Cho t6i day vén coi vach phd cla bic xa phét ra do
chuyén d&i m — n 12 tuyét d6i don sic, nghia la cho rang
cdc nutc m va n 14 khéng cé bé réng. Thyc ra theo nguyén
Iy bat dong Heiseberg, cdc mic dé déu cé bé rong nao do.
Ngoai ra c6 thé do hiéu tng Doppler gay ra boi dao dong
nhiét clia cidc nguyén ti nén tdn sO cua bifc xa phit ra do
doi mic ¢ gia tri phan bé trong moét dai hep. Trong trudng
hop thong thudong vach clia bifc xa phat ra ¢6 dang vach pho
Lorentz.
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I

r
So)="—

2

= (5.26)

4

trong d6 o, 1a tan s6 trung tam vach, ' 1i bé rong cta vach
(hinh 5.2). Phan b& f(w) théa min didu kién chuan

(OJ —0)0)2+

_[f (0)do =1. Vi vach phd \ng véi chuyén ddi m — n ¢é bé

-

rong xdc dinh, nén cdc dai lugng lién quan dén xdc suit
chuyén doi m — n cing phu thugc vao bé rong doé.

!

chw)

w
»

L
Hinh 5.2. Phdn b¢ ciia vach phd Lorentz

Tiet dién hép thu o itng v6i tan s6 o cia biic xa dién
tr tdc dong trg thanh

olw) = TO',,,,, Jdo, (5.27)

mrr

Thay (5.26), (5.17) vao (5.27) va chd ¥ riing [§] = Je
s€ thu duoc biéu thic sau;
T ecp, (C/2n)
[6)]
3n

(7).

clo)= = (5.28)
(Cl) —(1)0)2-4- 4
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Thay © = 2nv va dat Av = I'/4r, biéu thic (5.28) tro
thanh:

5

¢ 1 4y ¢

flv)  (5.28)

(@) T AV 4mvit
V‘Vo) + 4

~ Neu bé rong clia phé dién t trudong tic dong nho hon
hin bé rong clia vach phé tuong tng véi chuyén dai cla
nguyén tr thi (5.10) van duge dp dung, trong d6 o(v) cho
bai (5.28)".
III. NGUYEN LY HOAT PONG CUA MAY PHAT LUONG TU

Tan vt E(

Diéu kién co ban dé moét hé hoat chit ¢6 thé tré thanh
MPLT la hé phai c6 kha nang khuéch dai duge bitc xa dién
tir nhd cdc chuyén doi lugng tir xay ra trong mbi nguyén tu
cua hoat chat.

Duéi day xem xét diéu kién ndy. Dé don gidn cling
gia thiét rang hé 1am viéc dya trén cdc chuyén doi giita mifc
1 va2 (s,(ez) Uing voi tan s6 © cia cdc nguyén tui. Gia st
mat do nguyén tr & mitc 1 v mie 2 1a N; vi N,. S6 chuyén
doi cam Ung gay ra bic xa cam ung tinh trong mét don vi
thé tich va trong mot don vi thoi gian & bing

W, N, =6,,JN,

S6 chuyén doi hdp thu dua nguyén tir tir mirc 1 lén
mic 2 trong mot don vi thé tich va mot don vi thdi gian
béing

W, N, =06,JN,

Vay bién thién cutmg do cha dong photon khi di qua 1

khoang cdch dx trong hoat chat s& 1a:

dJ ={5, N, —0,, N, ) Jdx = 02].{]\!2 - N, ? de (5.29)
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Dai luong A:NQ—N,é

g

(5.30)

c6 mot y nghia dac biét. Thuc vay, véi mot hé thong
thuong thi N tuan theo phan bg Boltzmarin nghia 13 A < 0,
do d6 khong thé c6 tinh khuéch dai. Muén hé ¢6 tinh
khuéch dai thi A >0, tic 1a N,g, > ngz va ta néi ring hé cé
nghich diao mat do, va do dé goi A (A > 0) 1a nghich déo

. y . 1dJ . : : .
mat do. He s6 khuéch dai o = e lién hé véi nghich dao
X

mat do nhur sau;

C’?
=S AT o ) (5:31)

Nhimg hé c6 nghich dio mat do (NDMPD) 14 nhiing he
nhi¢t dong khong can bang dac biét. Ngudi ta thiy néu vin
ding phan bo Boltzmann thi & cdc hé dé nhiét do tuyer doi
T phai c6 gi4 tri am.

Nhu vay diéu kién co ban ddu tién clia hé hoat chét cé
thé ding 1am MPLT 1a hé c6 thé c6 NDMD khi bi kich

thich.
—;

ks

B.X. bom

tnh 3.3, Sor dé bom quang hoc ba mic
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Trong cic MPLT 4nh sing (lade), dé tao NDMD
thudng dung phuong phip bom quang hoc véi so d6 3 muc
nhu & hinh vé 5.3. Nho mot nguén bie xa ¢é pho du rong
kich thich cdc nguyén tr hoat chat (i muc co ban 1 1én dai
lién tuc 3 (tao thanh dai ndy trong chdt rdn). Sau dé xay ra
qud trinh chuyén d&i tu phat 3 xudng mifc 2. Mifc 2 thuong
1a muic siéu bén (thdi gian séng & mitc nay du Ién, tic la t,,
da 16n), do dé tao duge nghich ddo mat do gitra mic 2 va
muc 1 (A > 0). So d6 hoat dong 3 muic trén diy cé nhuge
diém 1a cdc nguyén tur sau khi da phat xa cam tng déu dong
lai & mic 1. Béi vay dé tao duge A > 0 gifta miic 1 va 2 thi
phai ding nguén bom quang hoc di manh va hiéu suat
thap. Do d6 dan dén so d6 lam viéc 4 mac (hinh 5.4). 8] day
muc co ban 0 thap hon mitc 1 va chuyén doi cdm g xay
ra gilta mic 2 va 1. Cic nguyén tir sau khi da phat xa cam
g khong dong lai & mic 1 ma d&i vé mitc ¢o ban 0, nén
dé thuc hién nghich ddo mat do giita mitc 2 va 1 hon, hiéu
qua cao hon.

T
i i J/%-
3
A
B.X. bum_ e 4
—,

Hinh 5.4. 80 do hoat déng 4 nuie

Khi hoat chat da ¢6 tinh khuéch dai bic xa dién tir,
vin chua di diéu kién dé thuc hién MPLT. Con phai tao
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diéu kién sao cho ch& do phat xa dugc duy tri, nghia la cac
bifc xa cam ting c6 thé bi lai moi loai tén hao ciia hé va con
du dé phdt ra chiim tia BXCU.

Diéu kién co ban thit hai dé thuc hién MPLT la phai
cé mot budng cong hudng cé hé s6 pham chat cao trong
d6 dat hoat chat. Cic MPLT vi ba (MASER - Made) ding
cdc budng cong hudng viba. Cic MPLT dnh sdng (LASER -
Lade) diung cdc hé théng guong, cé thé 1a hé guong ngoai
va ciing c6 thé 1a hé théng guong tao ra ngay trén mat hoat
chat.

IV. MPLT MADE

D6 1a nhitng mdy khuéch dai lugng tr séng vi ba ¢6
tAn s tir vai GHz dén vai chuc GHz Made dau tién duogc
ché tao bai Basov, Prokhorov (Nga) va Townes (M¥) - giai
Nobel - dung khi NH; [am hoat chit, V& sau cdc made chat
ran dugc nghién citu ché tao va str dung rong rai.

Trong tinh thé dién moi (nghich tr) pha cdc tap chat 1a
c4c ion ¢6 momen tr nhr Fe'*, Mn®*, Cr'™*, Ni**, Gd** ... thi
nhing tinh thé pha tap nay tr& thanh thuan tir. Vi cdc tap
chit déng vai tro chinh cta hoat chat, lai phan bd hon loan
nén vai trod cla tinh thé (tinh tudn hodn) khéng cé y nghia
quan trong nao. Ham lugng tap chat thuong rat nho nén c6
thé bd qua su tuong tdc gilta cdc nguyén t tap chat cling
nhur gifta spin cua ching.

Cdc momen tit clia cdc nguyén ti tap chat & trang thai
tu do s& cé mifc suy bién 2J + 1, véi J 1a s6 lugng tu cua
momen tf tng cong clia cdc ion tap chét (ion thuan tr). C6
thé trudmg tinh thé 1dm cho do6 suy bién (2 J + 1) trén day bi
giam di. Néu lai dit tinh thé pha tap néi trén vao trong mot
tlr trudng dt manh thi phan suy bién con lai cling bi phan
gidl va thé hién bing céch tich mét mitc ning lugng ban

194



dau thanh mot s6 muic xdc dinh (tuy theo do suy bién cla
mic khi chua tdc dung tir trudng). Su téch mice cang 16n khi
tr truong tac dung cang lon.

Thi du trong tinh thé héng ngoc (Al,O, pha tap i6n
Cr*"), khi dat trong tir trudng cé su tich mic trinh bay trén
hinh 5.5.

pe

Hinh 5.5, 8w tach nute trong tr tririmg

Tan s6 lam viéc phu thudc vio khoang céch giita cdc
mic nang luong. O day khodng cdch nay lai phu thuoc
cudng do tir trudng tic dong, nén c6 thé thay déi lién tuc
tdn s6 [am viec clia Mede bing cdch thay doi lién tuc cuong
do tir trudng tdc dong. D6 1a mot vu diém quan trong cla
made diing hoat chét 1a tinh thé pha tap ion thuan tir goi 1a
made thuan tir.

Trong Made quéd trinh bom ciing thuc hién béng
trudng dién tir viba. Do d6 cdc budng cong hudng clia made
vira phai thich tng v6i tdn s6 cha vi ba dung dé bom vira
phdi thich ¢ng véi tdn s6 cla vi ba hoat dong. So do cta
mot budng cdng hudng nhu vy trinh bay trén hinh 5.6.
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Hinh 5.6. S0 dé made ding mér budny céng hiidng

Bitc xa bom dugc phdt tir nguén (4) qua 6ng dan séng
(5) vao budng cong hudng (7), trong dé c¢6 dat tinh thé
thuan tixr. Tu truong tic dong do nam chim vinh ctru (9)
gay ra. Tin hiéu thu tir ang - ten (1) can khuéch dai di qua
xiculato (2), theo 6ng dan séng (6) vao budng cong huong,
roi vao mdy thu (8) sau khi duge khuéch dai. Xiculato la
mot dung cu c¢é dac tinh 1a chi cho séng dién tir trong né di
theo mot trat wr nhat dinh, vi du nhu trén hinh v& 5.6: hic
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xavaotircraas€ diraclrab; di vaiotlrcuab s€ diraclrac
V.V...

Trong tinh thé thuan tlr ding lam hoat chét c6 thé xay
ra doi mic tu phdt do tuong tac cua i16n thuan tir véi cic
phonon. Qua trinh nay lam giam hiéu sudt cta qué trinh
bom, cho nén made thudong phai dat trong moi truong nhiét
do rat thap dé gidm mat do phonon. Nhiét do 1am viéc cla
tinh thé thuan tir thudng cé gid tri vai do K, nghia la buéng
cong hudng phai nhing trong héli 1éng. Day ciing 1a mot
nhuge diém cia made. Tuy nhién k¥ thuat hién dai vé nhiét
do thap hién nay cho phép thuc hién mét h¢ lam lanh lién
hoan di cung cdp héli long cho made ma khong doi hoi cac
diéu kién qua phiic tap.

Made mét bubng cong hudng ¢d nhuoc diém 1a dai
tan lam viéc rat hep. Thuc vay, véi moét budng cong hudng,
tin hiéu can khuéch dai phai & lai 1au trong dé mdéi duge
khuéch dai dang ké. Nhung nhur vay dai tan cho phép lai thu
hep lai. Thuc vay

K,Av z2:—c (5.32)

trong dé K, la hé s6 khuéch dai cia made, o 1a hé so
khuéch dai cia hoat chat va Av 1a dai tan cho phép. Thi du
o =1/100h, d€ c6 K, = 10 thi Av /v, =0,2%.

DPé mé rong dai tdn cho phép ma nhiéu tng dung thuc
t&€ doi hoi, ngudi ta thay déi buéng nhu sau: trong bubng
cong hudng dat mot diy thanh kim loai hinh rang lugc
(xem hinh v& 5.7) & trong thanh hoat chit thuan tir. Bic xa
bom truyén qua 6ng dan séng c6 tiét dién hinh chir nhat cé
kich thuéc tng véi diéu kién cong hudng va chita rang hugc
kim loai. Tin hiéu can khué&ch daicé tan s6 thip hon cling
c6 thé truyén qua 6ng dan séng ndy nho hé rang lwoc. Nhu
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Tinh thé
- thuin tu

' 1 Ferit

Hinh 5.7. Budng cdng hidng séng chay

vay trong budng cong hudng ndy cé thé truyén qua duge ca
hai loai bitc xa dién tir 6 tan s6 khdc nhau, dai tdn cho qua
cla btc xa cidn khuéch dai dugc mé rong. Hoat dong cla
- made 0 day ding séng chay, trdnh sy hinh thanh séng
ding, gay ra boi sy phan xa theo chiéu nguoc lai. Mudn
vay dung céc vién pherit ytri dat duéi tinh thé thuan tir, gin
chén cdc rang luoc ma & dé6 tap trung tlr trudng cua tin hiéu
cdn khuéch dai. Cdc vién tinh thé pherit ytri, do hiéu {ing
Faraday chi c6 song dién tir phan cyc di theo mot chiéu
(chiéu nguoc lai song bi hdp thu manh), Véi buong cong
“hudng nhu vay ¢6 thé dat dugc K0 ~ 100 véi tinh thé thuan
tir dai c& 10 cm.
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Ut viét quan trong nhdt cia made 1a niic 6n ban than
rdt thap. Trudc hét bic xa duge khuéch dai nhg chuyén doi
lugng tir gilta cdc muc nang luong cha ién thudn tr voi s0
ion o tinh & trong tinh thé va tham gia vao qué trinh la
khong thay déi nglu nhién. Trong khi d6 & cdc may khué&ch
dai théong thu‘o‘ng thi s¢ hat dan tham gia vao qua trinh lai
thang gidng ngiu nhién va ngay nang luo’ng ctia c4c hat dan
cling thay d6i. Ngoai ra mitc on nhiét cia made ciing rat
thap vi 1am viéc & nhiét do rat thap.

C6 thé thdy miic 6n trong mot khuéch dai hoan héao
cho béi biéu thite

i( & 1
P = KOAVL(TH:?:Z]-I-}WOJ (5.33)

trong dé P, 12 cong sudt cua tiéng on. SO hang thi nhat
trong ngoac vuodng cta (5.33) la do on nhiét, con s0 hang
thtt hai 1a do nguyén ly bét dinh cua hé lugng tir. V6i made
thumg dung nhiét do dac trung T, dé chi mifc on, nghla la
miic 6n tong cong sé tuong duong vcn muc 6n nhiét & nhiét
do T... Vi du made hong ngoc 1am vi¢e ¢ tin s6 4170 MHz,
dai tdn 25 MHz va K = 630 (28db) thi T,, = vai d K. 3 cdc
méy khuéch dai thong thuong T,, thudng ¢ gid tri vai tram
K.

Cic made chi ¢é K, 16n vdi cdc tin hiéu nho. Khi tin
hiéu cdn khuéch dai ¢6 bién do 16n thi K, s& giam xudng, vi
khi d6 A gidm xudng, tham chi c¢6 thé triét tiéu do hiéu ung

bio hoa 1am san bang mat d6 clia hai mic lam viéc co ban.

Nhiing made, ché tao déu tién, 1am viéc bang hoat
chat 13 khi H;N c6 tin s6 rdt xac dinh, nghia la bic xa rat
don sac. Boi vay chung thuong dll’()’c diing 13m chuan thoi
gian, goi 1a dong hé phan tir (d9 6n dinh * 1 sec trong
khoang vai nghin ndam).
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Cic made ding chét ran thuan i, vi.nhiing dac tinh da
néu § trén, thudng dugc sir dung chi yéu trong céc linh vuc
vo tuyén thién van, vo tuyén dinh vi cic vat thé vil try
v.v... Dii séng lam viéc & day thudng tir cm dén m, trinh
dugc nhiéu do biic xa dién tir cia mat dat, khi quyén va vii
tru. Nho made c6 thé nghién ciu thuan logi cdc ngudn phat
séng dién tu clia cc vat thé tir vii tru. Nhey d6 da phat minh
dugc nhitng sy kién khoa hoc ¢6 ¥ nghia 16n lao cia the ky
nay nhu co sao xung (punxa) hodc birc xa tan du cia vu
né Ién (big bang).

Made ciing rdt quan trong dé Xy dung cdc tram mat
dat trong vién thong vé tinh vi trong vién tham.

biéu rat la ky 1a trong vii tru cing phdt hién thay
trong mot s6 diéu kién nhat dinh c¢6 thé hinh thanh cic he
hat c6 hoat déng made, d6 1 cdc made tu nhién véi vach
phd tng véi vach phé dac trung cila cdc phan tr H,0 va goc
OH.
V.MPLT LADE

Lade ngay nay da dugc ché tao hang loat, sir dung rat
rong rai trong nhiéu Iinh vyc kinh t& - xa héi. Céc hoat chat
c0 kha nang phdt chum tia lade rat da dang: chat khi (heli -
néon, C0,...), chdt iéng (dung dich héa chat) va chat rin
(tinh thé dién moi, ban dén, thiy tinh). Trong cuén sich
nay chi n6i dén cdc lade ma hoat chat 13 chat ran (tinh thé,
v6 dinh hinh).

L. Tinh thé hoat chat lade (dién moi)

Nghién citu phé hdp thu cia cdc tinh thé hoac thuy
tinh cdch dién c6 kha nang ding lam hoat chat lade, ngudi
ta thdy chiing phdi c6 mét s6 yéu ciu sau day:

a) Trong phd phai c¢6 mitc siéu bén (dii thanh - bé
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rong vach phé hep), cé hiéu suat lm_)‘ﬁg tlr cao, nghia 1a khi
nguyeén tr ¢d trang thdi doi tir mitc siéu bén nay xudng cic
muc & thdp hon phai 1a cdc chuyén doi c6 phat bitc xa (phat
ra photon).

b) C6 cdc dai phé lién tuc di réng & phia trén gin miic
siéu bén, dé c6 thé dat hiéu qua bom quang hoc cao va
khong phai ding bic xa bom 1a don sic.

¢) Tinh thé ¢6 phdm chét quang hoc di cao dé t6n hao
do tdn xa trén c4c bat hoan hao hay b4t thuin nhit la thap
nhat.

— +
) 1

1 - Tinh thé rubi
2 - Bot AL O,

c6 pha tap Cr,0, }
3 - Ngon lira
4 - Ong théi

nhién lidu H, + O,

Hinh 5.8. So dd phuong phap vecnoi ché tao rubi nhan tao

Tinh thé rubi (héng ngoc) duge sém phét hién théa
man c4c diéu kién ndi trén. D6 14 tinh thé dién méi ALO,
c6 pha khoang 0,05% ion Cr** (khoang 1,6.10" ién Cr*
trong 1 cm®), né c6 mau héng, thudng ding rubi nhan tao
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(vi rubi ty nhién qud dat, vd khong cé chiéu dai can thiét),
cdch ché tao ching twong d6i don gian bing phuong phéap
got la phuong phdp vecnoi (verneuil), trinh bay so d6 trén
hinh v& 5.8. Phé clia cdc mifc do cdc i6n hoat chit Cr* tao
ra trong tinh thé rubi trinh by trén hinh v& 5.9,

|

Hinh 5.9. Pho ndng luong cia ion Cr* trong rubi nhan tao

Cdc mitc 1 va 2 & sdu nén it bi anh hudng cia trudng
tinh thé; cdc mitc 3 va 4 khi & trong tinh thé, chiu anh
huéng cha trudng tinh thé trd thanh cic dai lién tuc cé bé
rong xdc dinh.

Mic 1 thyc ra gdbm 2 mitc cdch nhau khoéang
4,7107¢V (Gng vé6i budc séng A = 2,5 cm). Mic 2 ciing
gom 2 mic (2a va 2b) cdch nhau moét khodng bing
35107l .
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- Nhitng doi mic, khi doi 4nh sdng tring vao tinh thé,
tr mic 1 1én cic dai 3 va 4 ing véi dnh sdng xanh 14 cay va
xanh da troi, Cdc dai mau nay bi hap thu, phidn con lai chi
la phidn mau héng la chii yéu. Vay ta nhin thdy rubi mau
héng va do dé ¢o tén 1a hdng ngoc.

Chuyén doi tr 2a, 2b xuéng mic 1 cho 2 vach phé
phit xa 1a R, vd R, tng véi budc séng A, = 6943A va
%, = 6929A. Thoi gian song O ciac mic 2 khodng
3,5.107%sec (& nhiét do phong) Lade dung hoat chat rubi
thudng 1am viéc & buéc séng A, vi xdc suat chuyén doi ting
vdi budc séng nay 16n hon. Ngoai rubi di tim thay mot loat
tinh thé va thiy tinh cé thé dung 1am hoat dong phat tia
lade, mot s6 cho trén bang 5.1.

2. Nguon bom quang hoc

Nhu d3 trinh bay & trén vé nguyén tiac hoat dong cua
MPLT lade, hoat chat duge chiéu bitc xa manh goi 1a bom
quang hoc dé tao ra nghich ddo mat d6. Tuy nhién trong
qud trinh bom quang hoc chi mot phin nang iuong bic xa
dugc hap thu va c6 tic dung bom. Vi biic xa bom phai c6
tdn s6 cao hon tin s6 clia birc xa phat (cua chum lade), nén
thudng dung nguén khong don sic ma cuc dai cla phd
triing v6i ving hap thu cta tinh thé hoat chét. Nhu vay hiéu
suat bom s€ cao. Nguoi ta_thuong ding nguén bom la cic
dén phong dién cé khi, hiéu suat phat sing cua cac dén
nay phu thudc vao thanh phan cia hén hgp khi & trong dén,
Ap sudt va hiéu dién th& tdc dung lén cic dién cuc cla deén.
Deén phéng dién ¢6 khi nay phai cé cong suit hoat dong cao
hon cong sudt t6i thiéu cdn ¢é dé tao ra nghich ddo mat do,
nhung ciing khong vuot qui mic cé thé lam suy giam tinh
chit quang hoc chia thanh hoat chéit. Dé lam ting hiéu qua
ctua dén chidu gay tic dung bom quang, tuy theo hinh dang
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Thanh
hoat chit

Hirh 5.10. Hé chiéu sdang dé bom quang thanh hoat chdt
cua thanh hoat chét, thudng dung cdc mat phan chiéu guong
c6 cau hinh thich hop; thi du néu thanh hoat chdt va dén
bom quang déu c6 dang hinh tru thi ¢6 thé ding mit phan
chiéu a2 mot hinh tru, c6 tiét dién &lip ma mot tieu diém
tring vé6i vi trf thanh hoat chét con tiéu diém kia triing v6i
dén bom quang (hinh 5.10). Nhu vay hdu ahu todn bo dnh
sdng clia dén bom quang phét ra s& tap trung vao thanh hoat
chét. Néu mudn nang cao cong sufit bom hon nira c6 thé b
tri nhu trén hinh 5.11.

Cong suit bom quang thudng khé 16n, thi du véi hong
ngoc dé bom i6n Cr'* tir mie 1 1&n dai 3 phai cdn 4107 erg.
Vay cit 1 cm® cha thanh hoat chidt cén
4102 erg8.10% em™=3,2.107erg/ cm® (trong héng ngoc cb
1,6.10" ion Cr** trong 1 cm®, dé tao dugc nghich ddo mat
do, t6i thi€u phai bom lén thém duge mot nira s do, tic 1a
810 cmi®, nhung s6 ion Cr’* d& duge bom lén mitc 1 chi tén
tai & d6 trung binh 3,5.10° sec. Tém lai cong suét cin cho
bom quang ctia 1 cm® hoat chdt hong ngoc 1a khodng 1 kw.
Néu hidu suit phat séng cua dén phéng dién cé khi la
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] - Thanh hoat chét

2 - Ben bom y

=

Hinh 5.11. Hé chiéu séng dé bom quang voi cong sudt lon
khoang 10% thi phai ding dén 100 kw cho thanh hoat chat
10 cm’. Céc den nay cé thé hoat dong binh thudng & ch€ do
xung vdi cong sudt 16n nhu vay.

Mot vin dé k¥ thuat'khdc kbong kém phin khé giai
quy€t clia hé bom quang 1a vin dé phan b6 déu cong sudt
bom guang trong thanh hoat chat. Thong thudng & 161 thanh
hoat chit dugc tap trung nhiéu bic xa bom hon hin xung
quanh. Dé giam bét sy chénh lech d6, ngudi ta thudng diic
boc xung quanh thanh hoat chat mot 16p dti ddy béing <hinh
vat ligu nén (thi du 4LO; cla thanh rubi) cla thanb hoat
chét. Lép v boc nay thuong con cé vai tro tai nh.ét ra
ngoai dé 1am nguoi thanh hoat chat.

3. Hé gwong cong huong

Budng cong hudng, cin thiét cho cdc MPLT, s&€ 1a he
gwong cong hudng d6i véi céc lade.
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Hé guong cong hudng ¢6 thé 1a he hés gém hai guong
mat song song, ¢on goi la hé guong Fabry - Perot trong
thue t&€ cdc guong déu 6 kich thude bé mat phan xa xdc
dinh, mac déu trong tinh todn Iy thuyét thudng coi cdc dién
tich mat guong 1a « 16n. Néu hé s& phén xa ciia mat guong
12 100% thi diéu ki¢n cong hudng s& 12
2L

n
trong d6 n la mot s6 nguyén (1,2, 3..) vaL I khodng cdch
gilfa 2 guong, A 12 budc séng clia bitc xa lade. Tir (5.34) c6

1
Ak=2L(_— 1 J:},‘-%H:(;%%; (3.35)

H o on+1l
Vi L=~50cm, A=10"cm nén n~10°+10° do dé
AL ~10"+10""cm nghia 13 khoang c4ch giira 2 budc quang
sOng thoa man diéu kién cong hudng rat nho.

(5.34)

L
L

— ¥

Hinh 5.12. Vach phé cdc bic xa cong huong ciia
hé guong Fabry - Perot

Trong thyc t€, cic diéu kién Iy tuéng ciia hé cong
huéng Fabey - Perot khé ¢6 thé duoc thuc hién, nén hé sé
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cong hwdng khong phai chi vi 4nh sang don séc ma la dnh
sang c6 mot bé rong vach phé xdc dinh nhu minh hoa trén
hinh v& 5.12.

Heé s6 phiam chat Q clia hé 2 mat guong tuyét déi song
song, 16n vé tan c¢6 hé s6 phan xa r < 1 duge xdc dinh nhu
sau: goi I 1a thong lugng nang lugng cua chuim tia, sau mot
lan phan xa bi gidm di mot lugng bang I (1-r). Trong thoi

dt . Y
gian dt ¢6 % lan phan xa nhu viy. Thong luong nédng

. Iwong sau thoi gian dt s& gidm di lugng dI bang

cﬂz—ﬂl—ﬂ%dt (5.35)
Tir (5.35) suy ra

di 1c¢ ,

E:_I(l_ )I; : (5.35)

trong d6 c: van téc 4nh sing, n 14 chiét suit thanh hoat chat.
Theo dinh nghia vé hé s& phdm chét Q ctia hé cong hudng.
Io

Q=@ - (5.36)
\dt

thay (5.35)" vao (5.36) thu dugc:
2nl
Ma-1) .
thi du r = 50%, A= 1um, L = 10 cm ta s€ dat O~10°. Trong
thuc t€ guong c6 dién tich x4dc dinh, gia s c¢é dang hinh
tron v6i dudng kinh D, cdc tin xa trén canh guong s€ lani Q
giam. Khi d6 cong thitc cha Q trd thanh
- 2nL
Q= — I (5.37)

7\.(1 — I‘) + EDZ

(5.36)'
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Néu hai guong khéng tuyét doi song song, ma giita
chiing tao ra mot géc nghiéng B thda man didu kién
2D(1-r)?

<
thi vin 4p dyng dugc cdc cong thic (5.36) hoac (5.37).
Trong céc cong thic trén gia dinh cdc guong déu cé hé 6
phan xa r. Trong MPLT lade chi c6 mot guong c6 hé s6
phan xa cao (> 90%) con guong thit hai c6 hée s6 phan Xa
thap (ma I6p phan xa méng) dé mot phén bic xa lade phdt
ra ngoai cho viéc st dung. |

(5.38)

]

1 - Thanh hoat chat 4 - Guong
2 - H¢ lam lanh 5 - Chat lam lanh
3 - Bén bom

Hinh 5.13. Dang tong thé so dé cdc b phan cia lade rubi

Trong mot s6 lade lam viéc theo ché do xung khing
16 thi giita cdc guong cdn dat cic hé déng mé quang (cic
phan tr Kerr, céc tinh thé KPD...), nhu vay c6 thé thay déi
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dot ngot hé s6 pham chat Q.
Lade rubi cé thé c6 hé guong chinh 14 hai mat cua
thanh rubi dugc mai bong va ma 16p phan quang thich hop.

Thong thudng cac hé guong duge diéu chinh that song
song 1di ¢d dinh lai. Tuy nhién ciing cé thé ding cdc he
guong duge lién tuc diéu chinh cho song song nhd hé diéu
chinh tir dong.

Dang téng thé (v& so luge) cha lade héng ngoc phat
lién tuc cong sudt cao cho trén hinh vé& 5.13.

4. Lade ban dan

[.ade bin dan, dic biét nh& tinh gon nho, hiéu suit
cao, ché tao thuan loi, duge dung rat rong réi hién nay trong
nhiéu linh vuc, dac biét trong théng tin lién lac.

Trong lade ban din, nghich dao mat d6 duoge thue hién
nhu sau: dung tic dong cla bitc xa dién tir hoac chum tia
dién tr Jam cho néng d6 hat din léch khoi rét 16n gia tri
ting vdi khi cé can bang nhiét dong. Khi d6 cdc mic nang
luong sdt vGi ddy  dai dan déu dugce dién diy dién tir, con
cdc mic sat vGi dinh dai héa tri thi déu la 16 (xem hinh
5.14). Khi dién tr va 16 déu & trang théi suy bién dac trung

£ © Dai din
J sy %

A&g ANy | A~
AP

LT LTI 7Y, y

Dii hod tri

Hinh 5.14. Nghich ddo mat dé trong chdt ban ddn
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bang céc mitc Fermi n, van,, vatacdé n,-n, > Ae, (Ag,la
bé rong dai cdm). Trang thdi nghich ddo mat do clia ban
dan & day thé hién: s§ dién tor & mifc cao (dday dai dan)
nhiéu hon & mic thap (dinh dai héa tri). O trang théi nghich
dao mat do ban dan cling c6 kha nang kKhuéch dai dnh sdng.
Thuc vay, khi doi vao mot tia sang ¢6 tan s& thich hop gay
cam tng thi s& x4y ra qua trinh tdi hop truc 1i€p, phdt ra
photon 1am khuéch dai cudong do tia gy cam (mg.

1 - Anh sing bom
2 - B& tan nhi¢t
3 - Tinh thé GaAs

Hinh 5.15. Lade bdn dan AsGa dimg bom quang

Trén hinh 5.15 trinh bay so dé lade bdn din AsGa
dung bom quang bdi dnh sing cia moét lade héng ngoc
Lade ban dan AsGa ndy c6 thé dat t6i cong sudt xung 200
kw va hiéu sudt 50% lade ban dan diing chim dién tir manh
(mat do dén 1A/cm® va nang luong dién tir d&n 0,5 Mev) cé
cdc bd phan nhur trinh bay trén hinh 5.16. Hiéu suit cé thé
dat t61 20%. V&i cac chum tia dién tr manh, lade lam viéc &
ché do xung dé tranh su phd huy tinh thé ban dén.

Lade bdan dan c6 hiéu suit cao [a lade dung Idp
chuyén p - n clia cdc ban din suy bién (titc 13 ¢ ndng do
hat din cao). D¢ thuc hién diéu kién nghich diao mat do, tac
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I - Chim e

2 - Tinh thé ban din
3 - Héli lam nguoi
4 - Tia lade phat

5 - Catét

Hinh 5.16. Lade bdn ddn bom bdng chim dién ne

dung mot hiéu dién th€ di I6n theo chiéu thuin vao ldp
chuyén. So d6 nang luong s& nhu trén hinh 5.17 (trang s.iu),
s& ¢6 dong céc 16 di qua I6p chuyén va xdy ra qua trinh t4i
hgp. Nh& ¢6 dong céc hat din trdi ddu va chuyén dong
ngugc chiéu vé 16p chuyén, nén diéu kién nghich dio mat
do van dugce duy tri.

Vi dong dién lién tuc, lade bdn dan 16p chuyén p - n
cling lam viéc & ch€ do lién tuc, thuong duge lam nguodi
bang tan nhiét hodc nhing vao azdt long. Dang lade 16p
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Hinh5.17. So dé ndng liiong trong lade bdn déin din gldp

3 - Mit guong

1 - Bién cuc
2 - Bién cuc va tan nhiét

Hinh 5.18. Két cdiu ciia lade ban déin AsGa ding lép

chuyén AsGa cho tren hinh 5.18, N6 ¢6 kich thudc rat nho
(bé ngang va chiéu dai ¢& 0,2 - 0.5mm, 16p chuyén khoang
0,1 pm), hidu suét cé thé dat t6i 50%. Cdc mat ben déng
théi duge mai thanh cdc mat guong. Ching c6 thé san xuit
hing loat trén cdc tdm AsGa, tao 16p chuyén bang phuong
phap epitaxy, sau dé cua vi maj bong thanh cdc phan tir
lade.
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VI. TINH CHAT CUA CRUM TIA LADE

Lade 13 nhitng ngudn sdng phat ra chiim tia ¢6 nhicu
tinh chat doc ddo. Sau day néu lén nhiing nét chll yéu cla
cac tinh chat doc ddo doé.

1. Tinh don sac

Vi biic xa cam ung 14 do cdc chuyén doi lugng tir
gita cdc mic lwong tr clia cdc nguyén tr (i6n) hoat chat,
nén ching c¢é do don sac rdt cao. Pho cua bitc xa lade
thuomg g6m mot s6 vach rat thanh lién quan t6i pham chat
clia hé céng hudng cla lade. Khoang cdch tan s6 giifa céc
vach d6 khi ding hé cong hudng Fabry - Perot cho boi cong
thitc (5.34), (5.35). Vi du véi lade ¢6 thanh hoat tinh dai 10
cm ma hai ddu thanh diing lam guong cong hudng, thi cdc
cong thiic trén day cho khoang cédch tan s6 gifra 2 vach canh
nhau 13 khoang 10° Hz. Mi vach ciing ¢6 mét bé rong tan
s6 xdc dinh, v&i lade héng ngoc thi bé rong d6 vao khoang
10° Hz, nghia la rdt nhé hon (107) so véi khoang céch gitta
cac vach. O céc lade ban dan sy chuyén mdc lugng tir xay
ra gitta 2 déi hep, ma khong phdi 14 giira 2 mifc xac dinh,
nén tinh don sac cua bic x4 lade ban dan kém hon.

2. Tinh dong bo

Nguén bitc xa lade ¢6 wu viét cao hon hin céc ngudn
thong thudmg khéc 12 tinh dong bo cla bifc xa phat ra. Tinh
déng bo cua hai tia séng birc xa ddc trung bdi su tuong
quan cla cac thong s6 cla hai tia séng bitc xa dé vi du
pha) khi ching xuit phat tir 2 diém khéc nhau, hoac tir 1
diém duge xem xét & nhitng thai diém khéc nhau.

Hai séng chi c6 thé giao thoa véi nhau khi chung la
déng bo, bdi vay tinh giao thoa duge ding dé€ dénh gid tinh
déng bo. Truomg hop don glan clia hai tia séng don sic
cling tin s6 gap nhau tai mot diém. Néu o diém d6 hiéu pha

213



clia hai sng c6 gid trj khong ddi véi thdi gian, ta ¢é 2 tia
song dong bo v s& quan sdt thay hién trong giao thoa.

Trong thuc t€ cic biic xa dién tir, khé cé bie xa don
sac tuyét doi, béi vay c6 thé xem xét tinh déng bo cua
ching theo hai cich: dong bé thi gian va déng bo khong
gian.

=

B

Hinh 5.19. Giao thoa ciia hai tia sing tir mot ngudn

Xét hai tia sdng cling xudt phat tir | diém S (hinh 5.19
di qua hai khe P, va P, r6i dén gap nhau trén man M tai
diém P. Anh giao thoa chi c6 khi hiéu dudng di cia tia sdng
goi la hiéu quang 16 nhé hon mot gid tri L= c.t,, 1, goi la
thoi gian dong bo. T, 12 dai luong dac trung cho tinh déng
b6 thoi gian cua ngudn sdng S. N6 ¢6 ¥ nghia 1a qué thdi
gian d6 bic xa hinh nhu da "quén” pha ban dau cta né. Ly
thuy€t chitng 16 rang 1, ~ 1/Av, nghia [2 ty 1& v6i d6 don sic
clia bifc, bitc xa cang don séc thi tinh déng bo cang cao. Vi
bic xa lade c6 d¢ don sic dic biet 16n nén tinh déng bo
thoi gian ciing khé cao v6i 1, ¢ 10 sec. Nhu vay hai tia
tach ra tr 1 ngudn lade van con c6 thé giao thoa véi nhau
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khi hiéu quang 16 c6 thé t6i vai km. Ngudn sdng trang (da
sdc) ¢6 khoang cach déng bo chi vao ¢é cm.

Tinh dong bé khong gian cha chim tia dic trung
bang khoang cdch vuéng géc véi phuong truyén ma trong
pham vi ctia khodng d6 cdc tia sdng van con gilt duoc su
ddéng bo véi nhau. Mot ngudn sdng tring do nung néng thi
bic xa phat ra ¢6 khoang dong bd khong gian c& vai lan
budc song, trdi lai & ngudn siang lade thi hdu nhu toan bo
chiim sdng phét ra tir mat phét ciia thanh hoat chét cé tinh
déng bo khong gian.

Tinh déng bo khong gian cha chiim tia lade lién quan
chit ché vdi tinh dinh huéng cua chum tia. Thuc vay géc
mao cua chiim tia lade phat ra tir mat guong cé dudng kinh
D, A 1a budc séng cha chiim tia lade thi 1y thuyét nhiéu xa
cho biéu thitc clia géc mé clia chiim tia bing 6.

0~1,22 i
D

Ap dung v6i trudng hop lade héng ngoc c6
D = lcm, A=7.107, s€ dng véi 6= 0,85.10 “radian, trong
thue t& ¢& 102 + 107 radion (chd ¥ 10 radian = 3'26" géc).

3. Cong sudt pho rat cao

Vi 4nh sdng lade rat don sic, nhu d3 thdy & trén, nén
hiu nhu toan bd cong sudt cua biic xa phat tap trung vao
mét gidi phd rét hep. Vi du cé thé tao lade phdt lién tac véi
nang thong 100 W/cm? trong dai tdn s6 hep, ciling trong dai
d6 cha dnh sdng mat trdi thi nang théng chi 1a 10-2W/km?,
tire 14 10" 14n nho hon clia lade néi trén, Néu dédc trung bic
xa clta mOt vat bang nhiét do cua vat den Iy tudng tuong
duong (con goi 12 nhiét d6 mau) thi mat ngoai cua mit troi
c6 T, ,, = 6500 K, con ca lade T, c6 thé dén 10 K.
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Nhimg lade rin ¢é cong sudt thuomg khong 16n nhu
cdc lade khi. Vi du da ché tao duoc cic lade dung khi CO,
phat lién tuc vdi cong suat hang tram KW. Néu cac lade
(0, no6i trén phat & ché do xung thi cong sudt tdc thoi co thé
bang cong suét dién nang phdt ra cla ca mot nudc coéng

nghiép phat trién (100 GW).
4. Ung dung cta lade

Do nhiéu dic tinh wu viét cdc lade duge dung rong rai
trong rat nhiéu linh vuc cta nghién cdu khoa hoc, san xuat
va doi séng.

a. Quang dién tr va quang tich hop
(optoelectronics, integrated optics)

Nh& tinh déng bo cao cla chum tia lade, nhd hé s6
hdp thu rat thip trong dai 1,3- 1,5um cia sgi quang hoc
(optical fiber) - s€ n6i chi tiét & chuong 6 - nén cac lade ban
dan 18p chuyén trén co sd AsGa ngay nay duge ding rong
rdl Jam ngudn phdt séng mang trong thong tin cidp sgi
quang. Ching ta nhd ring tan s& cta s6ng mang quyét dinh
t6c do va luu lugng truyén théng tin. Vi du véi séng mang
la séng vi ba tan s6 khoang GHz thi luu lugng truyén thong
tin ¢d Mbit/sec. Nhung véi séng lade tan  s6
v =10°+10°GHz thi lvu lugng truyén thong tin ¢6 thé dat
Gbit/sec + 1000 Gbit/sec. Hién nay trén mot soi quang da
sit dung véi luu luong 2,5 Gbitfsec. Tat nhién véi mot cap
soi quang (nhiéu sgi) thi tdc do luu lugng con cao hon
nhiéu.

C6 thé néi lade va cép soi quang d lam cho bing né
cach mang thong tin lién lac cua cudi thé ky nay sang thé
ky sau, -

Trong Ung dung cia tia lade vao thong tin lién lac
hoac phai két hop cédc linh kién quang va Iinh kién dién tr
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trong cdc két ndi goi 12 quang dién tir (optoelectronic),
hodc tién téi cdc linh kién d6 duge tich hop trén mgt linh
kién (giéng mach vi dién t&r) hoat dong chu yéu vdi chim
quang tlt (photon), ta goi dé6 1a quang tich hop (integrated
optics).

Nhitng két qua clia quang dién tir va quang tich hop
con duge ting dung rong rdi trong cong nghé thong tin, dac
biét trong ché tao mdy tinh dién todn siéu toc, ghi - doc cac
dia compac (con goi 12 dia lade), khong nhitng lam bd nhd
ngoai rit gon nhe véi kha nang heu trit 16n cia mdy dién
- todn, ma con trd thanh thiét bi nghe - nhin s6 héa.

b. Ung dung trong sdn xudt

Lade duoge tng dung trong hau khip moi linh vuc cla
san xudt hién dai, tuy theo cong sudt va budc song.

Nhimng chim lade cong suét 16n duge ding dé cat cic
t4m thép day trong déng tau va cic mdy co gidi Khac vdi uu
diém 14 chinh x4c va khong tao ra img sudt xung quanh vét
cit (nhanh), ding dé t6i mat ngoai cic chi ti€t thép lén
V.V...

Tia lade ciing dugc ding trong mot s8 khau ché tao
mach vi dién tir (quang, khiic, khuéch tdn...), trong gia cong
cdc vat liu siéu cling c¢6 nhiét dd néng chdy cao. Trong
cong nghé héa hoc tia lade véi bude séng cén thi€t ¢ téc
dung ting cudng téc do phan tng. Trong x4y dung, dinh vi,
diéu khién tir xa v.v... tia lade dugc ding dé do ludng chinh
xdc khoang cdch va truyén thong tin diéu khién, vi du diéu
khién xe lunokhot trén mat trang v.v...

c. Ky thudt chup toan dnh bdng lade
(holography)

Nguyén tic tao hinh giao thoa ciia hai chiim tia xuit

phat tit mét nguén nhd tinh dong bo cho irén hinh 5.19. Tu
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Hinh 5.20a. Chup toan cdnh

Lade b
r

Hinh 5.20b. Dung lai toan dnh

lau Gabor dd dé ra k§ thuat chup toan anh nhung khé
thuc hién vi doi héi phéi ¢6 cdc chiim tia c6 tinh déng bo
cao. VI chum tia lade ¢6 tinh déng bo rédt cao nén duoc ting
dung thuan loi trong chup toan 4nh. So d6 thuc hién chup
toan anh bing chiim tia lade cho trén hinh 5.20. Mot nguodn
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lade dugc tich thanh 2 chim tia. Mét chum di thing t6i
phim ghi hinh; chum kia chiéu vao vét cin chup A, tdn xa
tréncdc chi tiét cta A va céc tia tdn xa tir A dén giao thoa
vGi céc tia cua chum thit nhat trén phim ghi M. Trén phim
ghi s& xay ra hién tugng giao thoa va ghi lai cdc van cia
hinh giao thoa. Khidc vdi chup anh thong thuong chi ghi lai
cuong do sang & trén vai cin chup tai nhiing diém khdc
nhau, trén phim toan anh khong nhiing ghi lai duge cuong
do séng tai moi diém ciia vat A ma con ghi lai duge pha cia
dao dong séng, nghia 1a thong tin vé khoang cdch tir céc
diém ctia vat dén cac diém clia phim M. Thém vao d6 tai
moOt viing nhoé néo cia M ciing ghi dugce tat ca cic thong tin
hinh anh ctia vat A chit khong phai, nhu chup anh thuong,
chi ghi dugc mét viing tuong Ung cla vat. Do dé méi cé tén
la toan anh (con goi anh ba chiéu: 3D - anh). Khi cin lap lai
(doc) anh cua vat A ciing can ding chim lade chi€u vao
nhu trén hinh vé& 5.20b (chim lade "nhin" nay cé 4nh séng &
viing kha kién, va cudng do di yéu dé dam bao an toan
cho mit nhin). Piéu mdi la Ia tuy chup theo mot phuong,
nhung khi nhin ta s& thdy anh ba chiéu, nghia 14 giéng nhu
nhin thay vat A nhu nhin né qua mot khung cita s6 1a phim
M. Ngay ca khi chi con mét phan cia phim M van nhin
thay ca vat A,

Céc anh giao thoa cua toin anh con goi la hologram.
Ching duoc Uing dung rdt rong rai trong ky thuat hién dai
dé phan tich hinh dang va nhan dang, phan tich cdc qud
trinh bién dang, hwu trit cic thong tin vé hinh anh v.v...

d. Lade tri liéu

Trong y hoc xuét hién nganh lade tri liéu rat quan
trong trong bao vé sic khoe hién nay. Vi chum tia lade don
sac v ¢d cong suit cao, c6 kha niang cong hudng vdi céc
phan & sinh hoc nén cé tic dung rét to [6n trong chin dodn
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va tri ligu, nhidu khi khong thé thay th€ dugc. Dac biet Ia
chum tia sdng nén cé kha nang khong gay lay nhiém trong
thao tdc. C6 thé ké ra mot s6 dng dung dac biét nhu: phiu
thuit khong chdy mdu (dao lade) & mat va cdc phan mém
khac, pha huy chon loc cdc t€ bao 4c tinh bing huynh
quang, phau thudt n6i tang bang phuong phéap kin (din bang
sgi quang vao co thé), chita rang, chira viém hong hat, chira
viém xoang, 1am phéu thuat thim my v.v. ..

Lade tri liéu }a moét trong cac phuong phdp vat 1y tri
liéu cé hiéu qua va hién dai nhat hién nay.

e. Lade img dung trong nghién ctru khoa hoc

Su phdt minh ra lade da lam s6ng lai va phat trién
manh mé nhiéu nganh cia quang hoc, dic biét 1a quang phé
hoc, quang hoc phi tuyén; ngoai ra lade con 1a phuong tién
cua nghién cttu khoa hoc trong tat ca moi nganh c¢ua khoa
hoc tu nhién, ma trudc hét 1a vat 1y hoc. Khéng thé néi dén
tdt ca moi Ung dung dé, chi néu lén mot s6 trong cdc tmg
dyng quan trong.

Trude hét 1a viéc st dung cdc chim tia lade cuc manh,
tap trung vao mot diém theo cdc nhip Xung ngéin
(nano - sec), tao ra nhiét do siéu cao c& hang chuc triéun
K (107 K), dé tao ra cdc vu nd nhiét hach nhd (vu né mini).

Qua d6 tao ra viéc diéu khién phan ttng nhiét hach dé
gidi quyét van dé nang luong khong 0 nhiém cho nhan loai
song song vGi phuong 4n diéu khién phan tmg nhiét hach
bang mdy Técamac).

Nhitng thanh tuu cia quang heoc phi tuyén nghién ciu
twong tdc gitta chiim lade véi cdc dién tir, nguyén tir va phan
tr v6i cdc qud trinh nhiéu photon dd din dén rit nhiéu dng
-dung quan trong trong vat 1iéu hoc.
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Pic biét phuong phdp 1am nguoi cdc nguyén nr bang
chiim lade theo nguyén tac: do tdn xa phi tuyén nguyén
mat dong nang v "lanh" di. D3 dat t6i cic nhém nguyen ta
Na, Rubidi v.v... t6i gin khong do tuyét doi (khodng
1,7.107 K). C4c nhém nguyén tit nhu vay chuyén sang
trang thai ngung tu Bose - Einstein, 12 mot trang thai rat dac
biét clia vat chil ma trude day chua thue hién duge.

Tai liéu tham khdo
[11 Vi Dinh Cy, Vat 1y chat ran, DH Bich khoa Ha Noi,
1976. NXB Khoa hoc va k¥ thuat, Ha Noi, 1997,
{2] Reinhard Marz.Integrated Optics, ARTECH HOUSE,
1994,

[3] Peter Kinght. La Nouvelle Physique, Ed. Paul Davies,
Flammarion, 1993, p. 289.
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Chuong VI

SGI QUANG V_A UNG DUNG
TRONG VIEN THONG

‘Trong su biing nd clia cong nghé thong tin (CNTT)
hién nay, su phét trién vién théng dung cdp soi quang (con
goi cdp quang) déng mot vai trd rdt quan trong. Cip soi
quang, véi cac uu viét doc ddo so véi day dan kim loai nhu:
toc do truyén din cao, do suy hao thép, tich hgp thuan loi
vGi cony nghé s6 héa v.v..., trd thanh vat liéu chu yéu thay
thé¢ day dan kim loai (Cu) dé thiét lap mang vién thong da
dich vu s6 héa ISDN (Integrated Services Digital Network).
Khi cdc dich vu gia ting, doi hoi phdi mé rong bang tan
truyén thong tin dé hinh thanh cdc siéu 1o thong tin
(Information superhighway), mang théong minh (Intelligent
Network -IN) vd mang In - te - nét (Internet) toan cdu thi
khéng thé thi€u duoc cdp soi quang, khong nhitng chi & trén
dudng truc ma dén tan ngudi tiéu dung (User).

L SGI QUANG: TINH CHAT, PHAN LOAI VA CONG NGHE
CHE TAO

Cu6i nhimg nam 50, dau nhimg nam 60 cua thé ky
nay khi cdc lade xudt hién, nhét 1a cdc lade bdn din loai
gon, nho, ngudi ta bit dau nghién ciu kha nang dung ching
trong truyén tin. Vd&i tinh chdt dong bo cao, chum tia tap
trung cao, nhu néi & chuong V, cdc tia lade c6 thé tai mot
lrong thong tin khdng 16 di xa. Vi du xét & dai tdn véi budc
song hong ngoai A ~ 1pm (1000 nm) thi tan s mang thong
tin da c6 thé Yat 300.000 GHz, ma séng dién tir & dai siéu
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cao ciing chi téi vai tram GHz.

Tuy nhién khi truyén théng tin di xa (vién théng) thi
moi truo’ng truyén tré thanh bai todn khoé giai, vi chum tia
lade truyén trong khéng khi chi theo dudng thang, bi hap
thu rdt manh va thong tin do tinh tdn sic bi méo rat nhanh.
Boi vay cic c6 ging truyén tia lade trong khong khi hoac
trong cdc 6ng chan khong déu khong thanh cong.

1. Tinh chat cua s¢i quang

Niam 1966 Kao va Hockham bat dau nghién ctu
truyén thong tin bang chim lade trong cic sot thuy tinh
thach anh cé d¢ suy hao thap. Nhiing nghién ctu 1i€p theo
dé cho thdy kha ning ding soi thiy tinh (soi quang -
optical fiber) c¢6 thé tr6 thanh hién thuc khi soi quang dat
duoc nhimg tinh chét co ban sau day:

1.1/ Soi quang phdi c6 do suy hao rdt thdp. Do suy
hao chil yéu bao gém hai qud trinh: hap thu bifc xa va tén
xa bitc xa. Nhu vay dé giam d6 suy hao phai lya chon vat
lieu va budc séng tia lade trong ting sao cho hé s6 hép thu
o thap nhét; dé ngan can tdn xa & bién cla sgi, phdi boc sgi
mot 16p ¢6 chiét xuat quang hoc thap hon chiét sudt cla soi
dé gay ra phan xa toan phén, nghia la s¢i quang trg thanh
ong din séng; loai tdn xa khdc gay suy hao la tdn xa trén
c4c bat hoan hao trong vat liéu.

1.2/ Soi quang phdi ¢é tinh chdt co hoc thich hop véi
céc loai hinh dng dung, phai c6 d6 chiu moi do rung dong
cao, khong qué phu thudc vao d6 udn cong ciia sgi, soi phai
c6 do bén thich hop.

1.3/ Soi quang phdi ¢6 tinh ldo hod thdp, c6 thé sk
dung 8n dinh trong thdi han vai chuc ndm véi gid thanh ha
¢6 thé canh tranh ngay vdi cdc loai day dan kim loai (day
déng, cdp dong truc v.v...).

223



2. Phén loai s¢i quang

Nhu trén da néi vé yéu cau déi véi soi quang, cé thé
can cif vao dé dé€ phan loai chiing.

Trude hét 1a can cd vao su phan bé chiét suit quang
hoc (n,) trong 16i d6i véi chiét sudt quang hoc ciia 18p v
(n,).

Trong 16p vo, dé thuan tién cho céng nghe ché tao,
chiét suit khong déi va thap hon chiét sudt ctia 16i. Con
chiét suit & 151 ¢6 thé ¢6 hai dang: dang khong déi va dang
c6 phin b6 gidm dan tir trong ra ngodi (cé thé dang
parabon). Loai thi nhat goi 14 soi chiét suit bac thang,
loai thit hai goi 1a loai chiét sudt gidam dan. Soi quang
thudng <6 ti€t dién tron, ké ca 161 vi 16p vd cé dudng kinh
khoang 100 pm (ngoai cling con c6 thé cé mét 16p méng
pollme) Bai vay tuy thuéc vao dudng kinh va phan b6 n,
cia 16i, c6 thé ¢6 hai cach truyen chum tia lade khic nhau.
Véi loai chiét sudt bac thang, néu 16i 1at nhd (c& 5 um) thi
sO tia va s6 mot truyen tuong mg sé& rat it, tham chi chi cé
mot, ta goi 1a s¢i don moét (hinh vé 6.1a). Néu 16i 16n hon
(khodng vai chuc pm) thi nhiéu tia va nhiéu mét truyén
tuong tng ¢6 thé tén tai, ta c6 soi da mét (hinh 6.1b). Con
doi v&i sgi ¢6 chigt xudt n, gidm dan, vi cong nghe, 16i
thuong 16n (vai chuc um) nén thuong 13 soi da mét (hinh
6.1c).

Khi chim tia lade tir ngudén lade phéng vio 16i soi
quang, tuy theo vi tri hinh hoc, géc tdi sé la géc 8,, va géc
khuc xa vao 16i 1a 6,. Hiéu qua cuia viéc truyén chiim lade
(thuong c6 dudng kinh bang dudng kinh cla nguén phat
lade va nho hon duong kinh cia 16i sgi quang) vao soi
quang dac trung bang khau do s6 NA (Numerical Aperture)
cho bdi biéu thric
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Hinh 6.1. a) Soi quang chiét sudt bdc thang don mot
h) Soi quang chiét sudt bdc thang da mot
c) Soi quang chiét sudt gidm ddn da mot
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NA=(n? =n2)"" =5in0, = n, sin®, (6.1)

Ung véi mét bude séng xéc dinh, géc 0, xdc dinh tix
(6.1) 1a g6c cuc dai ma tia lade khong bi thodt ra 16p vo,
nghia 1 khi d6 6, ing véi géc phan xa toan phin & i6p bién
glu'a 161 va 16p boc Néu buéc séng cling vao cd dudng kinh
cua 161 thi qud trinh truyén s& 13 don mét. Nhu Vay tuy khau
do s6 NA dac trung cho su ghép néi hieu qua giita nguén
lade va soi quang, nhtmg khi dé kha nang nhiéu tia truyén
(nhiéu mét) c6 thé xdy ra va din dén hién twong tan sic bat
16 cho su truyén trung thue cdc tin hiéu.

Hién tugng tin sic trong s¢i quang khi tia lade truyén
qua c6 hai nguyén nhan: nguyén nhan do truyén da mét va
nguyén nhan do vat liéu clia sgi quang.

Khi truyén da mét tic 1a cing mét tin hiéu dugc
truyén di theo cdc tia khdc nhau, do d6 qua céc doan dudng
¢6 d6 dai khdc nhau hay 1 quang 19 khic nhau, din dén su
t61 dau cudi sgi quang vao céc thdi diém khdc nhau, tic 13
lam cho xung biic xa & ddu vao bi nhoe ra & ddu cusi. Hau
qua la dat théng clia sgi quang bi thu nho lai. Vi hién tuong
nay khong thé sit dung céc gid tri NA 16n. Véi céc khoang
truyén 16n glcn han NA & duéi 0,2, con véi khodng truyén
ngén cé thé sit dung NA t6i 0,6,

Su tén sic do vat liéu sgi quang chi dang ké néu bitc
xa lade truyén qua c6 vach phé rong. Nhung néu diing lade
¢ bite xa khé don sdc vGi vach phé hep va chon da1 tin Ung
véi tan sic thp cha vat liéu thi c6 thé giam tén sic.

Nhu vay dé dam bao dai théng Idn su truyén don m6t
¢6 wu viét hon han truyén da mét. Hien nay thuong dung
truyén don mét véi dai thong dén 2,5 Gbit/sec. Tuy nhién
sgi chiét sudt bac thang don mét c6 16i rat manh (vai um),
nén cong ngh¢ han noi va ket ghép véi céc linh kién quang
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dién tir khdc khd phic tap doi hoi chét luong rit cao.
Bdng 6.1. Dudi day tém tdt cdch phdn logi sgi quang
theo phdn b6 chiét sudt va cdch truyén

Chiét suit Chiét suat
béc thang giam dan
Don mot X O
(161 nhd =~ 5 um
Da mét X X
(16i to ~ 50 um

3. Cong nghé ché tao soi quang va cap quang

Day Ia linh vuc cong nghé cao, ddi hoi do tinh khiét
cao cla cdc vat liu va do chinh x4c cao. Duéi day chi trinh
bay nguyén tic clia cdc khau cong nghé quan trong dé ché

Ché tao Kéo sot Ché tao
phoi quang cap quang

Hinh 6.2. Cdc khdu cdng nghé soi quang
tao phoi vat liéu, kéo s¢i quang va ché tao cdp nhu trén hinh
vE 6.2.
3.1/ Ché tao phoi (Preform)

C6 hai phuong phdp céng nghé chi yéu dé ché tao
phoi. D6 1a: phuong phdp lang dong héa hoc tir pha hoi
(Chemical - Vapour Deposition - CVD) va phwong phap
lang dong theo truc tir pha hoi (Vapour phase Deposition -
VAD). Phuong phip CVD c6 nhiéu bién thé, & day chi néu
ra hai bién thé chinh 12 OCVD va MCVD. Nhu trinh bay
trén hinh vé& 6.3, dong khi mang H, thdi qua cédc binh dung
chét 16ng SiCl, va GeCl, dé tao ra dong hoi. Khi dong hoi
niy chdy cac phan tir SiCl, va GeCl, bi phén ly va trong moéi
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trudong chdy c6 H, va O, thi xdy ra cdc phan ting héa hoc
tao thanh axit HCI va cdc oxyt SiO, va GeQ,. Cac hat thach
anh SiO, oxyt giécmani sé lang dong. Ham lugng hoi GeCl,
s& dugc tu dong diéu chinh dé sao cho thach anh dugc pha
tap GeO, véi lugng cén thiét twong tng vGi chiét xuét n cua
16p thiy tinh theo thiét ké.

}

TEEE

Hinh 6.3. Thiét bi tao dong hoi H, + (SiCl; + GeCl,)

Trong c¢ong nghé MCVD thi cdc hat SiO, va GeQ,
ling dong trong long mot 6ng thach anh tinh khiét, quay
tron déu. Ong thudmng c6 chiéu dai khoang Im, dudng kinh
trong vai cm, khi dong hoi théi qua, xung quanh 6ng cé
dong khi H, + O, chdy tao nhiét dé cdc phan ting héa hoc
x4y ra (hinh v& 6.4). Ngon lira dugc dich chuyén cham doc
-theo 6ng. Nh& sy ngung dong cic hat SiO, pha tap GeQO,
thinh 6ng day lén din va t6i mot Iic ca 6ng tré thanh mot
thoi dic. Ta déd ¢6 mot phoi véi phan bd chiét suat theo thi€t
ké.

Trong phuong phap cong nghé OCVD thi c6 mot
thanh bing thach anh trén dé ngung dong cdc hat Si0, va
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Hinh 6.4. Phuong phap MCVD ché'tao phoi

Ge0, tir dong hoi, nhu trén, nhung déng thoi hoa tron voi
dong nhién liéu (H,, O,) tao thanh ngon lira nung néng
thanh vat liéu va tao phan \ing héa hoc (hinh vé 6.5) dé tao
phoi.

H, + SiCl, + GeCl, ~»=]
L - H2 + 02

Hinh 6.5. Phuong phap cong nghé ché'tgo phéi OCVD
Ham lugng cac khi pha tap trong dong hoi ciing dugc
tu dong diéu chinh dé dat dang phan bo chiét sut theo thiét
ké.
Trong cong nghé VAD thi dong hoi va dong nhién
lieu (H,, O,) ciing chdy tao ra c4c hat S10, va GeO, v.v..
phun trén mot mam dé tir d6 hinh thanh phoi. Mam vira
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quay vira kéo lén qua mét vong nung, béi vay khir duge cdc
16 x6p va cdc -bit hodn hao khdc (xem hinh 6.6.) trong
thanh phoi.

Vong gia nhiét

U Phoi x6p

H2 + SICI4 + GCC14

|

}{2’ 02

Hinh 6.6. Cong nghé ché'tao phoi VAD
Ca ba phuong phdp ndi trén da dugce cai tién hoan hao

dé thanh phoi cé phan bé chiét sudt nhir thiét k& va chat
luong quang hoc cao.

3.2/ Ché tao cdp quang

Tir cdc thanh ph01 c6 phan b6 chiét sudt x4c dinh,
nguoi ta kéo ra cdc sgi quang c6 phan b chiét suat theo
thi€t k€ trude. Céc thanh phéi duge dat trong cdc 10 nung dé
nang cao nhiét do, ph01 dat thang dimg va & ddu cuéi cla
phoi dat nhigt do néng chay va tir d6 kéo ra soi quang gém
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Hinh 6.7. So dé thiét bi kéo soi quang

16i va 16p boc. Soi quang duge kéo xudng phia dudi, dugc
boc 16p bao vé thit nhdt (16p polime). Chat lugng cia soi: do
d6ng déu vé kich thudc va phan b6 chiét suit, chét lugng
quang hoc v.v... duoc diéu chinh va kiém tra tu dong. Cic
sgi quang kéo ra nhu vay thuong cé chiéu dai thich hep cho
viéc lam cdc cdp quang, khoang tir vai km dén hang chuc
km,

Cap quang dugc ché tao tir cdc soi quang, tuy theo
muc dich st dung cé thé cé nhiéu loai gém tir loai cé vai
soi quang dén loai cd vai chuc sgi quang. C6 cac loai cdp
quang bién (dai duong), treo hodc choén ngdm duéi dat; tuy
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6ng sO1 quang
|

Vo nhua

Vé cich dién

Hinh 6.8. Mdt cdt ngang ciia mét logi cdp quang
mo1 trudng ching hoat déng ngudi ta ché tao vO1 cic bién
phép bao vé can thiét dé cdp quang ¢6 thé 1am viec lau dai,
Trudce het 1a cép phai c6 do bén, it tao ra cdc do cong xoan
¢6 thé dnh hudng dén céc soi quang bén trong. Mudn vay &
gira thudng c¢6 mét 16i thép, dén vong dat cic ong chita soi

Hinh 6.9. Ranh chitV dé chudn bi ndi soi quang
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quang, cic 1Gp cach dién va bao v¢, ong nhéom kin nude va
ngodi cung la 16p vO day bdo vé bang chét déo, nhu trén
hinh v& 6.8. Trong cap c6 thé c6 mot s6 day dan dién dé tai
dong dién cung cip ngudn cho cdc bé phuc hoi.

Vi s¢i quang rat nho va cé 161 cang nhd, nén cach han
noi, cidc chd ghép ndi doi hoi do chinh x4c rat cao, sao cho
161 ndi véi 181, vo boc ndi véi vo boc. Mdi chd han, ghép
nhu vay phai c¢é dé suy hao nho hon vai phan mudi cua
dexibel (db). B&i vay phai ¢6 cac thiét bi ga lap sgi quang,
dinh vi soi quang, cat sgi quang rat chinh xdc; cic thiét bi
han tu dong va kiém tra tw dong cdc mo6i han vv...

Hinh v& 6.9 cho thdy nguyén tac dung céc ranh cht V
dé chudn bi cac mdéi han sgi quang duge chinh xdc.

4. Po suy hao (loss) cua soi quang

D6 suy hao clia sgi quang la mét thong s6 rat quan
trong. N6 phu thuéc vao budc séng cia 4nh sdng ding dé
tai thong tin. N6 thuong do bang loga cha ti 1& cuong do
bitc xa sau khi di truyén qua soi quang 1 km va cudng do
lic ban d4u. Nhu thudng 1€, s6 dé chia thanh 10 déxibel, va
trong soi quang thuong diing db/km dé do do suy hao. Vi
du sau khi truyén 1 km trong s¢i quang cudng do tin hi¢u
giam di 10%, theo dinh nghia & trén, d6 suy hao s& la
0,46 db/km.

Do suy hao cua soi quang cht y&€u gay ra boi hai
nguyén nhéan: hip thu va tan xa.

4.1/ Hdp thu birc xa hong ngoai

Céc soi quang truyén bic xa lade thuong cé budc séng
& viing héng ngoai (khoang 0,7 + 1,7 pum). Déay cing la
ving déi tdn dugc nghién citu k§ vé he s6 hép thu cha sgi
quang.
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Hinh 6.10. Su phu thude ciia dp suy hao vao ham heong
OH trong vat liéu sgi quang

Nguyén nhan hip thu thuo’ng gom ba loai chu yéu:
hap thu riéng do su chuyen doi cua cdc dién ti, do kich
thich cdc mic dao déng cta lién két Si-O; hap thu do cdc
tap chit cla cdc g6c OH va céic ion _nguyén tie thude 16p
chuyén tiép; hdp thu do cac tAm mdu (thudng 14 cac sai
hong cua mang tinh thé hdp thu manh bic xa, vi du tam F

trong céc tinh thé halégenit kim loai kiém - KCI, NabBr.

(db/ b )
B8
54 44 b A pumy Af

Hinh 6.11. B3 suy hao cuc tidu trong soi quang don mot
& bude song ko= 13umva A = 1.5 um
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Trong soi quang thi vai tro ciia cic gdc OH cé val tro
quyét dinh déi v6i hé s6 hép thu trong dai hong ngoai. Trén
hinh v& 6.10 cho thdy su thay ddi cia dang phé suy hao phu
thudc vao ham lugng OH trong s¢i quang.

Chiing ta s& thdly rang cic miii cuc dai cta d¢ suy hao
s& mat di néu ham lugng OH rdt thap (< 0,04 ppb).

Véi céac soi quang don mdét thi khi giam ham luong
OH, ¢c6 thé gidm do suy hao xudng thdp hon nita, nhu trinh
bay trén hinh 6.11. Ta thdy ¢6 hai cuc ti€u chia suy hao &
budc séng A = 1,3um vad dac biét la & budc song
%~ 1,55 pm, c6 thé gidm d6 suy hao xudng dén 0,2 db/km.

4.2/ Tdn xa gdy suy hao trong soi quang

T4dn xa ctia cdc bic xa truyén trong sgi quang ciing
gay suy hao déng ké. C6 hai loai tdn xa: tdn xa tuyén tinh
va tan xa phi tuyén. T4n xa tuyén tinh lai gom hai loai. D6
13 tan xa trén cac bat hoan hao cua soi quang, nhu cdc mat
bién giita 16i va vd boc c¢6 do g6 ghé nio d6 gay tan xa.
Loai tin xa tuyén tfnh khic 12 tdn xa trén cdc bat dong nhat
trong vt liéu sgi quang, tifc 14 tin xa do céc thang giang
cta chiét sudt. Loai tdn xa tuyén tinh ndy cdn duge goi la
tan xa Rayleigh (Ray-lay). Cac t4n xa phi tuyén 1a cic qua
trinh nhiéu photon hodc c6 su thay déi nang Iuong photon -
tic 14 thay déi tdn s6, ung véi tan xa Raman va tin xa
Brillouin. Vi tan xa Rayleigh déng vai trd chu yéu nén
thudng dugc xét chi tiét. Ly thuyét vé tdn xa Rayleigh trong
soi quang cho ta bifu thic cia do suy hao do tdn xa
Rayleigh a .

87’ A
aR:_3l4n8p2kBIB :—f (62)
8 3
véi A= ;‘ ot PPk, TR
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Hinh 6.12. D¢ suy hao o, ciia mot s& vt liéu 1657
1. 8i0, tinh khiét 3. B,O, - Si0,
2. P,0; - §i0, 4.Ge0, - Si0,
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Hinh 6.13. D¢ suy hao o, ciia mot s6 vat liéu soi quang

1. GeQ; -P,0, -5i0, 2.GeO, - B,0, - Si0,

3.GeO, - P,0; - B0, - SiO,
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trong d6 n la chiét sudt, p 12 hé s6 quang dan hoi, T la
nhiét do coa soi va B 1a do chiu nén dang nhiét (isothermal
compressibility). Khi vt liéu gém nhiéu ciu tir, trong (6.2)
s& thé hién thing gidng ndng do cdu ti.

Trén hinh v& 6.12 va 6.13 cho ta d6 suy hao do tan xa
Rayleigh phu thudc vao loai vat liéu 161 va su gia ting
twong d6i ctia chiét sudt 151 véi 161 SiO, tinh khiét.

IL. UNG DUNG CUA SGI QUANG TRONG VIEN THONG
1. Sy truyén birc xa lade trong s¢i quang don mét

1.1/ Phuong trinh truyén birc xa soi quang lude
trong soi quang

Hién nay xu huéng phat trién chung 13 ing dung soi
quang don maét vi nhitng wu viét rdt 16n clia né va su khac
phuc dugc nhing khé khan cong nghé trong ché tao vat
liéu, han - ndi v.v...

Duéi day trinh bay 1y thuyét truyén séng bic xa lade
trong soi don m&t, ding hé phuong trinh ¢6 dién, cic hi¢u
tng lugng tir chi néi dén khi cdn thiét, Ding h¢ don vi
Gauss, dang sgi quang doremdt don gian héa nhu trén hinh
vé 6.14.

12sam _ [oS-rpm

Hinh 6.14. Dang don gidn héa sgi quang don mét
Trong soi quang dung hé phwong trinh Maxwell
trong cac chdt (c6 doi xing tru).
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VE =rotE = —~—
ro o
- _ . aD
VH =rotH = J+—
ot
divD = )
divB =0 (6.3)

trong d6, nhu thuong 1é, E la vecto dién trudng (vi mé), D
la vecto dién cam (con goi dién dich), B 12 vecto do tir cam
(trung binh vi mo), A 1a vecto tir truong, J la vecto mat do
dong dién, p la mat do dién tich. Vi soi quang la dién moi
(510;) nén mat do dién tich va mat do dong dién (v1 mo)
déu trigt tiéu, Ngoai ra giita D va E, cling nhu gitta B, H
va M (vecto d¢ tir héa) c6 cic biéu thitc lién hé

D=g E+P (6.4)

B+l
trong d6 P 1a vecto phan cuc dién moi, g, la hang so dién
moi ca chan khong va p, 14 do tir thdm clia chan khong
(vat ly), ching cé lien hé e p_ =1/¢* v6i ¢ 1 van t6c 4nh
sdng trong chan khéng. Vi soi quang khong c6 do tir héa
nén M =40,

La'y rot ca hai vé€ cta phu’o’ng trinh Maxwell ddu va
dung cdc phuong trinh khic clia (6.3) va (6.4) ta duge bicu
thitc, sau khi thay B, D bing cdc biéu thic clia £ va P
otF = ] 0*E a*P

otk = -— - 3
Fotr 2 6 f2 P‘o a T
Néu bo qua cdc co ché phi tuyen, chi gilr lai cdc tdc

dong tuyén tinh gitta d6 phén cuc P va dién trudng £, ta cé
thé viét

(6.5)
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P(F,0) :SGTX (¢ —VE(7,¢")dt (6.6)

trong d6 y goi la dé cam dién
Thay (6.6) vao (6.5) va thwc hién phép bién déi
Fourier ca hai vé&, thu dugc

rotrotE(F,0) = —€ (oa)czzﬁ(z?,m) (6.7)

trong d6 E(7,) 12 bién d6i Fourier ctia E(7,7) va
g,(0)=1+y (o) (6.8)
v6i % () 12 bién déi Fourier cia ¥ (¢), cu thé la:

E(F,0) :TE(F,t)exp(iwt)dt (6.9a)

—o

x (@)= T x () explios)dt (6.9b)

—a0

Vi do suy hao o kha thip, nhu da thidy & muc 6.2, nén
c6 thé coi

sr('u))znz(o)) (6.10)
V6i céc gan ding nhu trén, cé thé suy ra:
divD{F,0) =¢ (0 )divE(F,0) =0 (6.11)

Tt (6.7), (6.10) va (6.11) c6 biéu thic sau:

AE(f,m)+n2(m)‘i:;E(?,m) =0 (6.12a)

2

Aﬁ(f,m)mz(m)“c’—zﬁ(f,m):o . (6.12b)

Vi tinh d6i xing tru cha sgi quang, chon nghiém clia
cdc phuong trinh (6.12) duéi dang cdc ham tru W R,8,z) véi
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(R,6,z) 1a céc toa do tru.

¥ 1Y 13°% 'Y Lol
aR2+R5R"+F892+622 +n FLP—O (6.13)

Trong 6 thanh phdn cla £ vi H ta thiy chi ¢6 hai
thanh phén doc 1ap (vi ¢ cédc lién hé qua cic phuong trinh
Maxwell). Chon Ez va Hz lam cdc thanh phan doc lap,
nghi¢m cua (6.13) c6 thé viét duéi dang ham tru

Ex{w) = ‘P(R,B ) exp[i(b(co )z H(ut)] (6.14a)
HR,0)=e"HR) (6.14b)
R 1oWR) [, . | w]
AR +E 3R +Ln k,—b —-PJ‘?(R)=O (6.14c)
2n

(3] . . P R
trong dé £k, == o @ 1a tin s6 (tng véi tAm vach phd
c [
bic xa truyén trong soi quang, b=(2n /A)n 13 hing so
truyén bic xa theo chiéu z.

Trong 151 soi, nghia 14 R<a (a: ban kinh 16i sgi
quang), ta cé

EAw) = E3(g,R) & ot=o0 (6.15a)

Holw) = H2(g,R) ™ gilt=o) (6.15b)
Trong 16p vo thi nghiém (khi R>a), ta cé

Ex@) = E\K,(g,R) ™ = (6.16a)

Hzw)= H;,Km( g R) e gbren ~ (6.16b)

Trong cédc nghiém (6.15a) - (6.16b), cic dai luong E?,
f,, E,, H, 1a céc hing s6; J,,K,, 1a cdc ham Bessel bac m;
£, 1a cic hé s& cho bdi bidu thitc
1/2

g, =(n2k2 - (6.17a)
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=(p?-n2k?)" (6.17b) -

trong d6 n,,n, la chiét suit trong 161 va 16p vo cia son
quang.

1.2/ Cdc mét song truyén trong soi quang

Céc diéu kién dé cho Song buc xa duge "dan" 1a g, va
g; phai ¢6 gid tri thye va cdc ham (6.15 a, b), (6.16 a, b)
phai cé gia tri lién tuc tai bién giét cia 16i va 16p vo (R = a).
Trong trudong hop ma do chénh tuong doi cua chiét suit 101
va 16p vo 1t nhé {[(n, ~n,}/n,}(c1) thi diéu kien song dén
thé hién bang phuong trinh diic trung, cé dang nhu sau:

I €09) Ly Kp(2,9) (6.18)
84 J,(2,9) T gaK,(g.d)
Hang ddu (+) phia trén dng v6i mét goi 1a mét HE khi
thanh phan Hz ¢6 gia tri 4p ddo. Hang ddu phia dudi tng
véi mot EH, khi ma Ez ¢é gid tri 4p dao.

Thuong phuong trinh (6.18) véi méi gid tri cia m ¢6
thé c6 mot s nghiém. Cac nghiém nay duoc dic trung bing
cap chi s¢ 1a cdc s6 nguyén (m, n) ky hiéu 1a HE,, hoic
EH,,, (ky hiéu chung b,,).

Duéi day ta xét diéu kién cia sy truyén don mét, nd
phai thoa man 12 mét séng din vira phai dam bao tap trung
chu y&u cudng do & trong 16i, tdc 1a cudng dé giam nhanh
khi di ra khoi tam 16i tién vé phia 16p vo. Mot mét ¢6 tan s6
goi 12 tan so ngat khi trudng ciia né khong lan sang 16p vo
boc.

Tan s6 ngat cla mét ddu tién (nghia la diéu kién

truyen don mét) duge xdc dinh bang biéu thiic gin dung
cha ham Bessel Km (ham Bessel bién thé) khi gia « 1,

nghia la
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m-1

K, (ga)= ! (6.19)

1

Thay (6.19) vao (6.18), duge cho dang HE_ (v6i
m>1) _
2Am-1M, (g0a) = g/, (g,0) (6.20)
Giai (6.20) c6 diéu kién ngit 1a:
Jm—z(goa) =0

O bac thap nhét (m = 1, n = I) ¢c6 mot HE,; goi 1a mét
co ban. Mudn cho truyén don mét thi cdc bac cao hon déu
khong théa man diéu kién ngit (6.21), tic 1a J,(g,a) = 0 va
g02= 2,405 1a gi6i han cudi cing clia truyén don mét.

Q@1 3,

b

L

A A

L 2 3
L=(0a/, 3my - wy Y%

Hinh 6.15. Cdc mét truyén trong soi quang
Trén hinh v& 6.15 c6 cdc d6 thi biéu didn cdc mot
truyén trong soi quang. Truc ngang biéu thi cic gi tri cha
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(1:2 - .2 .
tAn s6 chudn v, —(Zna/?\o)( —n’ ) , truc ding bicu thy
céc gid tri clia hang sO truyén by, clha cdc mot wong Ung
véi cde chi s6 (m, n), b, ¢6 gid tri thay déi tir (2 /2 ),
dén (2m /3)n,. Trén hinh v& 6.15 ciing c6 cidc mot ma vecto
dién vuong géc véi phuong truyén (TE - Tranverse Electnc)
hoac mét vecto tir truong vudng goéc Vol phuo‘ng truyén
(TM - Tranverse Magnetic), ching tng véi HE,, va EH,,.

Tém lai ¢6 thé néi rang v6i mot bude séng biic xa lade
x4c dinh A, n6 s& dugc truyén dudi dang don mot khi giam
dudmg kinh 161 xudng (vao ¢§ 1) hoac dé chénh tuong doi
cta chiét xuit 16i va vo boc [(no—n])/n()], hoic la giam ca
hai.

1.3/ Tdn sdc

Khi bic xa lade truyén trong soi quang con c¢é hién
tuong c6 thé gay khé khan cho su truyén thong tin 1a hién
tuong tin sdc, nghia 12 vach pho cta bic xa lade ¢6 bé

rong x4c dinh din dé&n su lam méo cdc xung bic xa truyén
trong sgi quang.

L

100
D n

Prosec | {

T —J L
160 £

0 * — ¥ A
FRY /1,3 4,5 (p™)
, Si0,

Hinh 6.16. Su phu thuéc D(A) trong soi quang SiO,
cho chiét sudt pdc thang
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Hién tugng tdn sic phu thudc vio ban chit cha vat
liéu. Su phu thudc ctia chiét sudt vao tan s& clia bitc Xa
truyén trong moi trudng cia 161 sgi quang cho bdi biéu
thuc:

L Bo?
ng(a))=1+2—,'(&7 (6.22)

trong d6 o; la tan s6 cua cyc dai thit i trong phd hap thu va
B, la hing s6 tuong dng véi w,.
Mat khdc dac trung tan sac cla 16i sgi quang duoc
xdc dinh b&i thong s6 D(2), cho bdi biéu thic
A d’n
cd¥
Don vi dé do D(1), theo (6.23), thuong 14
picosec/km.nm tic 12 mét xung bic xa c¢é vach phé rong
mot nanomét, sau khi truyén 1 Km s& bi mé rong ra mot
picosec. Thong thudng trong thach anh tinh khiét D(3)=0
khi 2=127um va ta ky hiéu buéc séng khong c6 tan sic
1a %,. Khi c6 pha tap thém Ge0,, PO, B,0, ... vio Si0, thi
A, s€ sal léch véi gid tri trén. Nhu vay bang cach pha tap ta
c6 thé dot 2, dén budc séng imng vGi suy hao cuc tiéu nhu
1,55um. Trén hinh v& 6.16 cho dé thi bién ddi ctia D(2) theo
A, trong sgi quang, bang Si0, tinh khiét c¢6 chiét suét bac
thang.
2. Nhitng dung cu phat, thu biic xa trong théng tin
sgi quang

D))=

(6.23)

De thuc hién truyén thong tin bing soi quang, cin c6
nhimg dung cu quang dién tir dac biét dé phdt, thu va xir ly
c4c tin hiéu bic xa truyén qua soi quang. Trong cic dung
cu phit bic xa mang thong tin vao soi quang thi quan trong
nhét 1a cdc diot phat sdng (Light Emitting Diode - LED)
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hodc cédc di6t lade (Laser Diode - LD). Cac dung cu quang
dién tir thu bitc xa mang thong tin thudong & diot nhay
quang (Photodiode) va di6t dong thac (Avalanche diode).
Dudéi day trinh bay nhitng nguyén tic co ban vé hoat dong
cua chidng ciling nhu mot s6 dac tish k¥ thuat.

2.1/ Diét phat sang LED

Su phat ra bic xa cua cic diét ban dan 1a két qua cua
su tai hop hat dan dién tlr va 16. Khi dién tir & dai dén va 16
& dai héa tri tai hgp véi nhau s& phdt ra bific xa ¢é ning

Ooof ° Eo' .
OOI ‘} : ‘
(+)——o_, ! *
;O;% E' @
&; i .!o i * :
o) ¥ — GaAlAs

GaAlAs © (oA,

Hinh 6.17. Nguyén Iy hoat dong ciia LED bdn ddn

lugng photon £ béng bé rong cha dai c&m (h - hing s6
Planck, v tdn s6 bic xa
hv =g,
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hay 13 e (eV)= 7\(1 ifn) (6.24)

trong dé €, 1a bé rong dai cdm (tinh bing eV) va A tinh
béng wm.

Trong két céu thuc t€ diot ban dén phdt sing LED
dugc ché tao biang phuong phdp nuéi cdy (epitaxy) nhiéu
16p ¢6 tinh dan p, n l4n luot lién ti€p, tao ra nhiéu lop
chuyén p-n. Khi tic dung mot dién thé thuan, tao ra dong
dién cung la dong céc hat din ti hop & viing hoat dong sét
16p chuyén. Tir d6 phét ra biic xa 4nh sang. Dang cu thé cla
loai LED thong dung hién nay trinh bay so luge trén hinh
v&€ (6.17). N6 gém hai I6p chuyén p-n di chat
GaAlAs|Gads|GaAdlds khi tac dung dién th€ thuan, cdc hat
dan dién ti va 16 dén tai hop & 16p hoat tinh (GaAs) va phat
ra 4nh sdng c6é buéc séng ~ 0,85 um. Anh sing phét ra
thugc vao viing héng ngoai va 1a 4nh sing phat xa tu phat.
Nguyén tic mo ta trén day cta LED iing dung véi céc vat
ligu khéc s& thu dugc cdc dung cu phat xa 4nh sing vdi céc
budc séng khdc nhau. Bang 6.2 cho thdy mét s6 vat liéu
chinh thuéc A;Bs dé ché tao LED va budc séng 4nh sdng
tuong &ng Ngoai viéc ing dung trong thong tin sgi quang
LED con dugce dung trong rat nhi€u linh vuc khdc nhu trong
céc thiét bi do, diéu khién tu déng, cdc bo hién thi vv..

2.2/ Lade diot

Nhu da trinh bay & chuong V v€ lade ban din, d€ diot
c6 thé phdt bitc xa lade thi _nang hro‘ng bom phai tao duge
nghich ddo mat do va cdc tén hao x3y ra trong vat liéu phal
dugc b Jai. Nhu vay dong dién qua mot lade diot cu thé
phéi vugt qua mot gid tri ngudng nao dé 1. thi bic xa lade
méi c6 thé dugc phét ra. Néu goi A la tiét dién ngang cla
lade di6t (ctng hoat tinh) thi mat d6 dong ngudng cho bdi
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biéu thifc

1og 1l 1 (1) .
J(—AﬁB —BLa +2L1r{rler (6.25;

trong d6é J, 1a mat do dong ngudng, g, la do tang ich
quang (optical gain) ngudng do so6 photon sinh ra do mot
photon cam tng & trang thdi t6i ngudng, B 1a mot bl o= o
1a hé s6 hap thu cia vat liéu ving hoat tinh, L 1a chiéu -
clia kénh phdt lade (khoang 400 +800um);r,r, 1& hé s6 phan
xa cua cdc mat ddu va mat cudi cua kénh phat lade (nhu
guong cong huéng, ching thudng c6 gid tri khodang 0.3 va
ttng véi mit tinh thé (110)).
Bdng 6.2

Vat liéu o
Vung anh sang irng dung

V.L.dé
GaAs/AlGaAs Vién thong, dia quang ...
InP/InGaAsP LED héng ngoai

Lade (1+1,6 pum)
InGaAlAs/InGaAs ‘| Diot thu quang 1,67+2,4 pm

InGaAs/InP 1+1,67 um di6t thu quang
InAlAs/InP Lade 1+1,25 um

GaP/GaP LED (,5+0,7 um
AlGaAs/GaAs LED, Lade 0,67+0,98 pm
GaAs/GaAs LED, Lade 0,85 pm
ZnSe/ZnSe Lade 0,4+0,6 um B

Céc lade diot c6 tinh wu viét cao hon hén céc di6t phdt
sang LED, chiing c6 dai tin rong 1,3+ 1,67 um, vach pho rét
hep (< 3nm) trong khi biic xa cha cac LED c6 vach phé
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3 Gahs

() A(a,SG—a‘bﬁAﬁ: Sn/Te
- Alos lraon Ay

JQ'\: Mas Gosy As: (re )
4)}: Gahsay: ge ’
- X
S ) ¥

b amd -'--:--‘itl-\‘.>

Cu tL,_wQu},t

3 T
' i
L}

A3 pm

Hinh 6.18a. Lade di6t ¢6 ddi oxit don gian
(Diode Heterostruoture - DH)

Hinh 6.18h. Lade ¢6 Iop chuyén di chdt ngdm
(Buried Heterostructure Laser - BH )

248




PPV T ™
tt.InGa As

,f;-I'mP

A\ g
XTTAXTIRTITIIN. P IXT ol OOy ITR N W R wy

Mt IqP

Hinh 6.18¢. Lade ¢6 2 kénh phéng ngdm (Double channel buried
Heterostructure - DCPBH)

Hinh 6 18d. Lade ¢ phdn bb’phcfn hoi (Distributed Feedhack - DF)
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khoang 75+ 100um. Nho dac diém trén cta lade diot thong
tin soi quang dugc phat trién hét sitc nhanh.

Cac lade didt con duge dung hét strc rong rii trong
cong nghé nghe nhin véi cic dia compic va trong hang loat
céc linh vuc khic (y t€, do ludng, diéu khién v.v...).

Trén cdc hinh 6.18a, b, ¢, d trinh bay so luge két cdu
cdc 16p clia cdc lade diot ban dén thudng ding hién nay.

2.3. Diot quang (Photodiode)

Dung cu ban dén nhay quang diing dé thu cdc tin hiéu
truyén qua sgi quang thuong 1a diot quang ban dan. C6 hai
loai: diot quang loai PIN va diot quang loai thac lii
{Avalanche Photodiode - APD).

a) Diot quang loai PIN

Pé thu céc tin hiéu bitc xa thuong ding 16p chuyén
p—n phin cuc nguge trong cic diot bian dan. Néu biic xa ¢6
nang lugng biang hodc 16n hon bé rong dai cdm cha ban din
thi photon s& bi hdp thu dé sinh ra cap 18 - dién tir. Cdc cap

g4v
7

O oo

P ¢ n

R 4 [..
oy
B
A%
A1
A » X

Hinh 6.19. Nguyén Iy diét quang loai PIN
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16, dién tir nay dugc sinh ra trong vang ngheo hat dan nén
bi tach ra va kéo vé hai phia duéi tic dung cla trudng phan
cyc tai 16p chuyén (hinh vé 6.19).

In G‘a.As Ipm

'h'l' IﬂtP
250w
}

~
N e

5 I\\G‘a,ﬁt;
{) -
3
AR
~
w* &
T
Ay

o8 0.8 42 4t

Hinh 6.20b. Hé s6 hap thu a(X) cia InGaAs
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Dé trdnh hién tugng hdp thu photon ngoai viing nghéo
va cdc cap 16 - dién wr khong bi dich nhanh vé hai phia, lam
giam hi¢u sudt lugng t, ngudi ta tao ra trong 16p chuyén
mot 16p thir ba pha tap rdt yéu (hau nhu 1a chat ban din tinh
khiét, chua bi pha tap - Intrinsic semiconductor) xen ké
gilfa 16p bian dan loai P va [6p ban din loai n. Nhu vay sé
lam cho 16p nghéo duge mé rong va tac dong 1én moi cip 16
- di¢n wr. Do cdu tric ba 16p nhu trén nén loai diot quang
nay goi la diot quang loai PIN. Chiing duge ché tao trén cg
s0 hop chit bin din 4,8, loai tdc dong nhanh nhir GaAs
(pha tap In, P..). Thoi gian dip ving c¢6 thé tr 30+50
picosec ing véi bé rong dai thoéng khoang 3+ 5 Ghz (c6 diot
quang loai PIN dat t6i bé rong dai thong 70 GHz).

Hi}u sudt jugng tir ciia diot PIN cho béi biéu thirc

S6 cap 16 - dién tir sinh ra trong mot don vi thoi gian

n =
S6 photon chigu vao trong mot don vi thoi gian

trong d6 1 goi la hiéu sudt lugng tir cha diot PIN, né luén
< 1 vi ¢6 mot s6 photon chi€u ra ngodi ving ngheo va
khong dugc hap thy d€ tao ra cap 16 - dién 1. Su phu thuoc
cua n vao nang lugng photon (budc séng bic xa) thong qua
h¢ s6 hdp thu a(h). Néu goi P 1a cong suat birc xa téi
(viing ngheo), s6 khong duge hap thu 1 £ exp[—a (W5 ] véi
0 la chi¢u san tham nhép cta photon, khi dé cong suit ducce
hap thu bang [1-exp(— (1.).8 )] P thay vao trén ta c6

n= lmexp[—((x (A).6 )] (6.26)

Tir (6.26) thdy m bién thien tr 0 (néu o« = 0) dén 1
(khi 6 » 1). Hinh v& 6.20 cho so dé cha diot PIN InP -
InGaAs - InP va d6 thi cho a()) cta InGaAs.
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b) Diot quang loai APD

D16t ADP ¢6 co ché hoat dong gidng nhu diot PIN,
chi khdc & chd 14 ngoai I6p (i) con them i6p thi 4. Cac hat
dan dugc tang toc trong I6p thit 4 nay t6i ning luong cé thé
ion héa va tao ra dong thac lia. Nhu vay do tang ich dong
quang di¢n tr rat 16n, sau d6 mdi duge khuéch dai & bo tién
khuéch dai tai ddu ra cha diot. Hién tuong tu khuéch dai
trong diot APD ¢6 thé din dén sy danh thang diot néu
khong han ch€ dong din. Mudn viy phai gitt cho thé tic
doéng luon ludon nhd hon khoang 10% mitc ¢é thé gay ra
dong danh thing.

CL, L7 Aoy
Inp pf‘
TP 4
TuGaAsP p
~u /“? : a)

Hinh 6.21. Diét quang APD a) Cdu tric cdc 1dp bdn dan

Véi cace diot quang con dung dai lugng suit ung dap
(repsponsivity) R dé dic trung do nhay quang, né lién he
véi hiéu suat luong tir bing biéu thitc

253



R-=q (6.27)

€

Sudt iing ddp R, theo 6.27, trong hé don vi SI, do bing
don vi ampe/odt (A/W).

[ N%‘%M"{A-_
b
o .
: .
4 :
* :
1l x
EE— ..;f
A pt ‘ .t; ) T'{:‘- l o
o l [ —©
b

Hinh 6.21. Diét quang APD b} So d6 ndi dong
) Phdn bd dién triong trong cdc 1op

Trong di6t APD thi suit tng ddp lai phu thudc vao
thoi gian theo do tang ich vé dong (s6 hat dn sinh ra do
mot photon hép thu). Do ting ich vé dong M (+) tirc thai ¢é
thé thang gidng xung quanh mot gi4 tri trung binh x4c dinh
(gid tr1 ndy thudng cé gié tri tir 30 d&n 100). Vay cé thé viet
suat img dap ldc t bang

R(e) = kM () (6.28)

k 1a he¢ s6, né bang suat ing ddp khi M bang don vi.

Tu (6.28) c6 thé viét biéu thic cla dong diot APD
trung binh
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I pp = kMP (6.29)

trong d6 M 14 gid tri trung binh ciia M(t). Mot dang cu thé
cira cdu tric diot APD Bam viéc véi A tir 1,3pm+1,55um cho
trén hinh v& 6.21 a-c.

c) Tiéng on, d¢ bit sai (bit error rate - BER)
trong cdc dung cu thu quang dién tr

Do ban chat lugng tir ca céc photon va chuyén dong
nhiét ciia céc dién tir, chuyén dong ctia chiing chifa nhiéu
y€u t6 ngiu nhién, do d6 gay ra ti€ng 6n trong cic bo thu
quang dién tr. Nhu trén da néi, c6 thé tdch ra thanh tiéng
On quang va tiéng 6n nhiét. Cic dong photon khi bin vio
cdc dung cu thu quang dién ti, do tinh phan b6 ngiu nhién
ludn gay ra ti€ng on goi 1a ti€ng on quang (con goi la tiéng
on bdn - shot noise - 14 vi s6 photon bin vao cé s& luong
thay ddi ngiu nhién). Tiéng 0n quang cfia cic dung cu thu
quang dién t& phu thudc phiic tap vao két c4u, dic tinh cia
vat litu va ddi théng, néi chung ti€ng 6n quang tang lén
theo dai thong (bandwidth).

Tiéng 6n nhiét 12 do chuyén dong nhiét mang tinh
ngdu nhién ciia cdc hat din. N6i chung tiéng 6n nhiét ciing
tang Ién theo dai thong va nhi¢t d6 hoat dong ctia dung cu.

' Tiéng 6n déng vai trd rdt quan trong trong viéc -hoin
thién tinh nédng cia céc dung cy thu quang dién tir. D6 1a
a6t chuyén dé 16n cta dién tir hoc lugng tir.

Trong thong tin lién lac s6 héa hién dai, céc tin hiéu
dugc méd héa thanh cdc xung dé truyén di, t6i céc dung cu
thu, ta thu duge mot diy cdc xung. Khi dong dién nhé hon
mot gid tri nao dé (hoac rat nhd) ta goi 1a xung "0", cdn khi
dong 16n hon mot gid tri ndo d6 hodc sdt v6i mét mic quy
dinh ta goi la xung "1". Nhu vay dong théng tin truyén. di
thé hién bang cdc ddy xung (0, 1), ta goi I c4c bit (binary
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digit) bit duge goi la don vi co ban cua thong tin truyén di.
Trong khi truyén nhu vay ¢ khi xay ra dang sai nhu sau:
khi truyén 1a xung "0" nhung khi thu lai thanh ra "1", nhu
vay sai mdt bit, hodc sai ngugc lai. Dé dac trung do tin cay
cua mot kénh thong tin ngudi ta ding dai lugng do bit sai
BER duoc dinh nghia nhw sau:

BER = p(1)p(1 = 0)+ p(0)p(0 — 1) (6.30)

trong d6 p(0), p(1) la xdc suat tir goc gui di xung "0" hoac
xung "1"; p{1 — 0) 1a xdc suit khi giri di xung "1" ma & noi
nhan thanh ra xung "0"; p{0->1) 1d xdc suat khi g di
xung "0" va ¢ noi nhan thanh ra xung "1".

BER cua mot kénh thong tin phu thudc vao chét luong
clia toan bo cac thiét bi tham gia. Muén tang do tin cay, titc
la gidam BER phai dac biét chi y dén viéc giam tiéng on,
cdc can nhiéu va moi loai gay méo tin hiéu.

Do tin cay cia cdc hé thong tin hién dai thudong phai
dat BER thap hon 107.

2.4/ Nguyén tdc diéu bién quang

Bitc xa cta cdc LED hoac lade di6t phat vao sgi quang
déng vai tro séng mang. Mudn dua thong tin vao cdc séng
mang d6 dé truyén di xa thi phai diéu bién ching, goi la
diéu bién quang.

Diéu bién quang trong thdi ky ddu thuc hién bang
céch dung xung dién ctia tin hiéu can truyén cho tdc dong
truc ti€p vao mach dién lam viéc clla LED hoic lade, qua
dé 1am di€u bién dnh sdng ma ching phat ra. Cich lam dé
c6 nhuge diém 16n 14 gay téc dong maét én dinh ché do lam
viéc clla ngudn phét biic xa mang. Boi vay ngly nay chuyén
sang diéu bién ngoai. Nhu vay biic xa ma ngudn phat phéng
ra, trude khi truyén vao sgi quang phai qua mot hé diéu
bién, nhu trinh bay trén hinh v& 6.22. C6 ba cdch diéu bién
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xung birc xa

_%f; JuyL

SOl quiang

xung di¢n a)

b)

xung birc xa

j?" Bo

R diéu S¢1 quang
bién

E xung dién

Hinh 6.22. a) Diéu kién truc tiép

b) Diéu bién ngoai

quang: di€u bién, diéu pha ya diéu tan.

Trong phuong phdp diéu bién (con goi khéa dich bién
do - Amplitude shift keyed, ASK) thi tin hiéu quang truyén
di ¢6 dang

E(1) = | A(1)|cos(2mve +1) (6.31)

trong d6 bién | A(z)| mang thong tin bang cach 14y gi tri "0"
hoac "1" trong chu ky clia mot bit. Néu truyén theo diéu
bién ADK da mufc thi A(t) c6 thé 14y nhiéu gia tri trong mot
chu ky bit,

Bo diéu bién duoc diing hién nay gém nhiéu loai, ban
din, dién moi v.v... Mot trong cic loai d6 1a kénh dan
quang bing LiNbO, ¢6 khuéch tdn Ti. Kénh dan quang nay
c6 thé, dudi tic dung cla hiéu img dién - quang, déng md
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dé tao ra cdc xung biic xa tuong Ung véi cdc xung dién
mang tin hiéu.
Trong phuong phdp diéu pha (con goi I khod dich
pha - PSK phase shift keyed) tin hiéu bitc xa dugc truyén di
c6 dang
E(¢) = | Alcos{2rvt + (1)} (6.32)
trong d6 bién |4 gitt khong d6i, con pha ¢ lay hai gid tri
"0" hodc "IT" trong mét chu ky bit. Bo diéu bién ngoai &
day ciing c6 thé diing kénh din quang LiNbO, cé pha tap Ti.
Trong phuong phép diéu tin (con goi khéa dich tan -
FSK: Frequency shift keying), bitc xa truyén ¢6 dang
E(t)=|Alcos{2n (v +8 )1 + o)} (6.33)
trong d6 bién do 4| pha ¢ khong déi, tin so s& tang lén +&
hodc giam di -8 imng véi gid tri "0" hodc "1" trong mot chu
ky bit. T (6.33) ta cling <6 thé thay
E(t) = | dlcos{2nvt + (¢ +2n81)} gibng nhu (6.32), vay bo
diéu bién ngoai ding cho PSK ciing c6 thé dung cho FSK.
3. Khuéch dai quang va ky thuat quang tich hop
(Integrated Optics)

3.1. Khuéch dai quang

Trong k¥ thuat truyén thong tin, bang sgi quang, du cé
giam do suy hao xuéng rat thip, trén khoang dudng dai tin
hiéu van giam xudng mdc ma mudn truyén tiép tuc thi phai
phuc héi lai bang cic bo phuc hoi (repeater). Cic bd phuc
héi nay phai duge cung cdp nang lugng dién. Van dé nay
khong khé khin khi cdp quang di trén dat lién; nhumg véi
cac cap quang di qua dai duong thi phai c¢6 day din kim
loai va cdc nguén dién dé cung cdp nang luong cho cic bo
phuc hoi 1am cho hé théng tré nén phiic tap va t6n kém.
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Hinh 6.23. S0 d6 ndng lugng ctia cdc idn Er'”* trong sgi quang

Ngudi ta d3 nghién citu thay cdc bo phuc héi bang cdc
khuéch dai quang, nghia 14 sau mot khoang truyén xic
dinh tin hiéu lai truyén qua mét bo khuéch dai quang
khong cdn ding nang lugng dién. Hién dd c6 nhiéu loai
khuéch dai quang bét ddu duoc sir dung, dudi day chi néi vé
loai sot quang khuéch dai c6 pha tap Erbi. Trong soi quang
¢ pha tap Erbi c4c ion Er*™ tao ra cdc mic nhu trinh bay
trén hinh 6.23.

Thudng diing bitc xa bom cé budc séng 980 nm dé tao
nghich dio mat do gitta cdc miic *I,3, va *“I;5, V6i thoi gian

.. song c& 14 msec. Bé rong phd clia vach 1536 nm rit hep

nén pha tap ngoai Er cdc ion khdc (AL,0;) c6 thé lam cho
vach ph6 nay roéng ra va thuc hién dugce soi khuéch dai
quang pha tap Er (Erbium - Doped Fiber Amplifier -
EDFA). 'Cing véi ALO; pha tap Er* v6i ham lugng
1000 ppm. C6 thé dat do tang ich véi loai soi khuéch dai
quang EDFA dén 23 dB véi bé rong dai tan 35 nm véi sgi
dai Im dugc bom bdi bitc xa 950 nm véi cong suidt bom
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17,8 dBm. Do tang ich cuc dai la 31,5 dB véi budc séng
1532 am. Do tang ich bao hoa khi céng suit bom 31,8 dBm
(1,5W).

3.2. So luoc vé ky thudt quang tich hop

Tir khi phat trién k§ thuat vi dién tlr, nhat [ tIr khi sgi
quang duge Ung dung réng rai trong cong nghé thong tin,
da xuat hién cdc y tudng vé k¥ thuat quang tich hop. Diéu
nay ¢é nguyén nhan ky thuat 1a trén dudng truyén thi
photon dugc sir dung dé truyén tai théng tin, nhung & phan
xtt 1y {(thu, diéu bién khuéch dai, phan kénh, chuyén kénh
v.v...) thi chli y&u dung dién tir. Boi viy cin phai cé cic bo
phan chuyén déi dién tif < photon (quang dién tir). Diéu
nay hién nhién dan dén sy gidm toc do, tang suy hao, ting
nhiéu v.v... vd 1am gidm hiéu qui. Y tudng vé quang tich
hgp 1a tich hgp trén mot tim mach (chip) cac phan tir xtr 1y
thong tin, chu yéu dung photon. Cong nghé ché tao cac tdm
mach nhu vay cling gidng nhu doi véi ky thuat vi dién ti,
dugce thuc hién dong thdi theo ting 16p. Ngoai ra viéc s
dung photon ¢6 wu diém 16n so véi dién tir 1 t6c do cao hon
nhiéu mac dau viéc ding trudng dién tir dé diéu khién dong
photon thi phic tap hon déi véi dong dién ti. Khi phan 1én
cac khau cua cong nghé thong tin déu st dung photon (da
c6 ¥ tudng goi nganh ky thuat nay 1a k¥ thuat quang tir -
photonics, viéc tich hgp giita truyén dan, xu 1y, lwu tri
thong tin v. v... s€ thuc su tao ra mét bude dot bi€n méi cia
linh vuc ndy va do dé anh hudng dén nhi€u nganh kinh & -
xi hoi.

Trong thoi gian qua, theo huéng néi trén, nhiéu két
qua nghién cttu quan trong di dugc dva vao ung dung, vi
du: céc cdu tric din quang phic tap (Waveguide structure),
cac bo thu dan quang hai chiéu, cic khuéch dai quang, cic
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bo loc quang cong hudng nhiéu kénh, cic bo diéu bién am -
quang va dién - quang v.v...

Cing trong thoi gian trén nhiéu loai vat liéu da duoge
phat hién dap dng cdc yéu cdu cia ky thuat quang tich hop.
D6 la céc loai ban dan va ban din hgp chat nhu GaAs, InP,
InGaAsP, GaAlAs, ...; mdt s dién moi nhu thly tinh thach
anh SiO, (c6 pha tap chat: GeO,, B,0,, Er...) LiNbO, (pha
tap Ti, ...); mot s6 polime nhu polycacbonat, cic loai
polyethylene lam s¢i quang va cdp quang...

Nhin mot cich téng quat, quang tich hop 13 mot ky
thut rat c¢é trién vong. Tuy nhién cho dén nay vin chua
xudit hién phan tir ¢6 vai trd co ban coa ky thuat dé (giong
nhu cac mach IC d6i véi k¥ thuat dién tir ban dén).

Chac chan rang n€u c6 xuft hién trong tuong lai k§
thuét quang tr (photonics) thi vin song song tén tai ky
thuat dign tir (electronics), nhét 12 trong céc linh viec quan
trong clia céng nghé thong tin nhu mang dit liéu - mdy tinh
da nhiém (B - ISDN).
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