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Gido trinh Quang pho hoc thuc nghiém dicoc bién soun nham trung bi
cho sinfr vién nhitng kien thice co bdn vé nguvén v hoat dong cia cac thiet
bi do dac, nghién cin thieong gdp frong thi nghiém quang hoc va quang
phé hoc. Pay 1a gido trinh chinh thitc viél theo khung chitong trinh gidng
day cua Khoa Vat Ly, Trieemg Dai hoc Khoa hoe T nhién, Dai hoc Quéc
gla Ha Noi. Ngodi ra, gido trinh ciing la 1ai Héu tham khdo cho cdn bé va
sinfy vién cde nganh lien quan khde nlue héa hoc, sinh hoc, moi triong...
khi cdn tim hidu dé 1iép xiie vai cde thi nghiém do duc quang hoc, quang pho.

Phiteng phdap quang pha hoc la mot plucong 1ién viva truvén thong vitu
hién dai dé nghién citn cdu triic vat chdt. Cho dén nay né vdn la phitong
phdp chui yéu dé phdn tich dinh tinh, dinh hegng cdc mdu vat & moi trang
thai long, rdn, khi, ditoc img dung réng rdi trong cdc nghién cine vai 1,
héu hoc, sinh hoc, mér tricdng...

Tir khi nguon sdng laser ra dot, phicong phdp giang phé hoc dad phdt
trién vieot bdce, cae dot tiegng va pham vi ime ding diroe mo rong hon. Vi
st phdt wrién ciia cde laser diéu hitong bide song, laser xung cuc ngan
nQUAT ta dd 6 thé nghicén citwe cae qud trink dong hoc, phdn tich phan gidai
thoi gian cita cde gqud trinh va hién tigng khde nhan. Nivtng phicong phap
yitang phé hoc laser hién dai cho phép do dac cde thude tinh quang ciia
cdce vdt lidu bdn ddn, gquang dién nt phuc vu cde muc dich nghién citu vat
ficn mot, wng dung trong thong tin quang, cong nghé nano vy

Gido trink nay trinh bay nhitng nguyén 1de chung ciia cac thiét bi dimg
trong guang phé hoc thire nghtém, la co sJ dé' tiép tuc tim hiéw san hon céce
plucang phap nghién citw quang phé hoc khde nhau.

Kién thite cdn ¢d tricde khi hoc gido trinh nay la ¢di trice phd nguyén
ti va phan ne. BE tham khdo, chitng 161 trink bay 16m 1 mot s6 kién thie



cor bdn vé cdn trie phd phdn nr trong chwong ddu. Fhanh phdn khong the
thicu diroe trong mot phép do quang hoc, quang pho la nguon sdng, may
quang pho, may don sde va ngudn thu iin hién duge trink bay trong cdc
chwong tiép theo, Mor s6 kién thitcc quang hoc co bdn lién guan dén cdc
linh kién quang hoc nie ldng kinh, cach e, cac ban bude song, giao thoa
ké" Fabry -~ Perot... ciing ditge nhéc lai nhdm giip sinh vién dé ddang sit
ding cac linh kién quang hoc nay.

Phan cudi gido trinh gioi thiéw mor s6 ky thudt do dac tin hién quang
hay duoc sit dung trong quang phd hoc layer nhie k¥ thudt Lock-in, Boxcar,
dée biét ta k¥ thudr do phdn gidi thot gian va do xung cie ngdn.

Quang phd hoe thuee nghiém rdt phong phit va da dang. V' éi thor heong
c6 han ctia khung chicong tinh, tdc gid chi o6 thé trinlt bay mot s& néi
drarg cor bdn.

Rdt mong nhdn dicoc sir ¢dp vy cia ban doc.

TAC GIA

Ngudn sang + Mau £ May | Dau |- AUW
A don s&c thy tin hiéu
i Huynh guang, Hap thy, Raman. ., E
: Ngusn sang Mau |
: i

Nguyén tac chung cua phép do quang pho hoc



Chuong 1
VAI NET VE CAU TRUC PHO PHAN TU

1.1. LIEN KET PHAN TU VA NANG LUONG PHAN TU

1.1.1. Lién két phan tr

M@t phan tir duge hinh thanh nho sur lién ket clia hai hay nhiéu nguyén
tr sao cho nang fugng toan phén thdp hon téng nang luong cha cdc thanh
phan hgp thanh. D6 hut nang lugng chinh bing ning lugng lién ket phén tir.

Théng thudng, bin chét cha luc lién két phan tir duoge giai thich dua
vao hai kigu 1ién két chi yéu sau:

e Lién két ion

Phan tlt duge tao nén nhd s chuyén dien tir hod tri tr nguyén 1 nay
sang nguyén tlr kia. Nguyén tr bj mét dién tit tr¢r thanh ion duong. Nguyén
tr thu dién ti¥ tré thanh jon am. Céc jon trdi diu thi hiit rhau. Nhung khi
ching rat gén nhau thi giita cdc ion xuat hién lyc ddy sinh ra do tuong tic
gilta cdc 16p vo dién tr clia ion. Khi Iyc huit va luc ddy can bang thi phan tir
hinh thanh véi mot khodng céch xdc dinh gilfta cac ion,

Vi du:
Na. + .Cl: -  Na~ 4+ :Cl:™
[572p°3s! 15.225:’“2p63533p5 1532322;)6 15,22532]363523136

» Lién két cong hod tri
Lién két phan tir dugc tao nén bang cich nguyén tir dua ra nhiing dién

tir hod trj clia minh dé tao thanh | hoac 2 hodc 3 cap dién tir chung giita hai
nguyén tr duoc goi 1a lien k&t cong héa tri.

Vidy: Lién két tao thanh phan t&r HCI hoac phan t Cl,.



H + .C: — N:Cl:
CL o+ .C: o 0l

Trong ca hai kiéu lién két trén, luc lién két phan tr la luc tuong tic
giita cdc dién tir vanh ngoai (dién tir hod tri). Cdc dién tr trong khong tham
gia vio lién két. Hai kiéu lien két nay cho su giai thich-don gian vé phan
tir. D& ¢6 duoe thong tin chi tiét hon vé ciu tao phan tir nguoi ta dung co
hoc luong tir. Tuy nhién d6i véi h¢ nhiéu hat, phuong trinh Schrodinger chi
giai duge mot cach gan ding. T co hoc lugng tr nguoi ta da xay dung 2 1y
thuyét gan ding dé giai thich lién két phan tir. D6 la:

e Thuyét lién két hod tri VB (Valence Bond)

Thuyét nay cho ring, khi tao thanh phéan tir cic nguyén trivan git
nguyén cdu tric dién tir cia minh va lién két dugc hinh thanh nho su trao
déi dién tir hod tri.

e Thuyét Orbitan phan tu MO (Molecular Orbital)

Thuyét nay xem phén tir 1a mot hat thong nhat, trong dé ¢6 cdc dign tur
chuyén dong giong nhu trong nguyén tu. Loi phan tr gobm cdc hat nhan va
diéh tr tén tai nhu mot dim may bao boc.

Ving khong gian ¢ d6 xdc sudt tim thdy dién tr 1a 16n nhét goi la
Orbital nguyén tir. M6i Orbital dugc dic trung boi ba chir s6 luong ti: n, 1,
m, Su phan bo xdc suat tim thay dién tr va cdc mat gi6i han cta phan bo
nay chinh 12 hinh ddng cta cdc Orbital nguyén t.

Vi du:

1=0;m=0, trang thai s

I=1; |m| =1, trang théi p

Hinh 1.1.Vi du vé Orbital nguyén tur



Tuy theo trang thdi dién tr, ham séng ¢6 theé am hodc duong vi cic
Orbital twong dng ¢ thé am hode duong. Sy lién k&t gitta hai nguyén ar dé
tao thanh mdt phan «r duge giai thich nhd mie d6 phu 1én nhau cia cic
Orbital nguyén tu.

N&u su pha 1én nhau "duong” (hi xdc sudl (im thily di¢n wr tang & viing
gitra hat hat nhan dan dén sy hat nhau gitra hai nguyén tr va tao nén lien
Kt (vidu tredng hop trén c¢de hinh t.2a).

Ncu s pht 1én nhau "am™ thi xdc suat tim thdy dien (& gitta hai hat
nhin gidm tuong tng véi sy day nhau vi lien k&t khong hinh thinh
(binh 1.2h).

a)
s 8 s p pph

b)
5 P : :+
pop

Hinh 1.2 a) C6 lién két
b) Khéng c¢ lién két (ddy nhau)

Thuyet VB cho phép mé ti phan wr cy thé bing khdi niem hoa tri
quen thuoe.

Thuyét MO nhat quin hon, ¢6 the mé (& lién két phan t0 ¢ trang thdi
kich thich. Hai thuy@t nay bé sung lan nhau, méc dit déu la gan ding. Cho
dén nay chua ¢o mot ly thuy€ hodin chinh vé ciu tao phan w.

1.1.2. Nang lugng phan tlr

S¢ dd cde mire ning lugng cla phan tf phac tap hon nhidu so véi
nguyen 1 bai vi ngodi cde mire nang Tugng dng véi cie ¢iu hinh dién
khic nhau con ¢o thém nhitng mide ning lugng dng véi cde chuyén dong
dao déng v quay cua cde hat nhan nguyén (o trong phin trnay. Ciu tric
niing fuong cua phan 1 ¢d thé trinh bity so luge bing gian dd (ren hinh 1.3

2 GTOPHE HOCA 9



Miang 4 Trang thai dién td
luong kich thich
{eVy L

4+

3 ke

2 L

‘] —

0

7
Trang thai dién t
co ban

Hinh 1.3. S¢ dd cac mifc ning lugng phan tiy

Cé thé xem ning lugng phan tit gém 3 thanh phan:
— Nang luong cha dién tr I3,
— Nang luong dao dong cua hat nhan nguyén tr Ej,
— Nang luong quay cua phan tir E,
Nang luong phan tir toan phan la: E=E, + B, + L,
Thue nghiém cho thay: Ej, > E > I
Cdc dich chuyén bic xa hodc hdp thu s& trong ing véi 14n 6
AL AE, AR, AL e
h h h h

Cic nghién citu pho phan tir bang thuc nghiém (nhu 1a phé hap thu, déi

khi 1a phd bic xa hay phd huynh quang...).cho thiy phd phan tir gém rat

nhicu vach nim st nhau tao thanh nhitng ddm. Vi vay, phé phan t&r con goi

+v
L]

1a pho ddm. Diéu ndy phan dnh ding cdce dich chuyén tuong (ng v@i cac so
do mue nang lugng phan ur & trén.

Tuy nhién, cdc tin s6 hap thu hoae bic xa khéng phai lde nao ciing 1
k¢t qua bién thién dong thot cha 3 dang néng luong noi tén.

Trong triedng hop chi ¢ su bién thién cla ning lugng quay ta ¢6 phd
quay, hoidc do bién thién ¢lu nang lugng dao déng ta ¢é pho dao dong,
hodc do ¢6 bién thién cta nang lugng dao dong vit quay 1a ¢6 pho dao déng

10 2GTAPHO HOCB .



— quay (ing v6i phé trong viing hong ngoai. N6i chung, phd phan tir ¢6 thé
nam trong ving héng ngoai, kha kién va ca t ngoai. O viing héng ngoai xa
pho phéan tir c6 dang don gian hon ca.

1.2. PHAN LOAI CAC PHO PHAN TU CO 2 NGUYEN TU

1.2.1. Phé dao déng clia phan tir

a) Nang luong dao dong

Thé nang cua phan tir ludng nguyén phu thudc vao khoang cich r giita
hai hat nhan nguyén tr. Goi ry 12 vi tri hai hat nhan & vi ui can bang va
xem rang luc tuong tdc gitta hai hat nhan ¢6 dang mot luc din hoi, ta ¢6:

f=—k(r-r,) (1.1)

vl k — hé so gia dan hoi.

Nghia la khi hai hat nhan lai gdn nhau: (r — ry) < 0 — f > 0 va hai hat
nhan day nhau con khi hai hat nhin céch xa nhau: (r-=ry)) >0 > <0 va
chung s€ hit nhau.

Luc dan hoi (1.1) tng véi mot
thé nang la:

y_ ko) (1.2)
2
Pudng cong thé€ nang ting véi
phuong trinh (1.2) 1a mot dudng ut
Parabol dugc biéu dién bing mot
dudng rdi nét trén hinh 1.5.

Tuy nhién, cong thic (1.2)
chua phan danh day du tinh chat
cua luc twong tic. Khi khoing
cdach r 16n, luc hat phai dan téi 0
va thé nang phai tién t6i mot gidi
han khong doi U,. Con khi hai hat
nhéan tién khd gan nhau, tic 1a khi Hinh 1.5. Budng cong thé nang dao dong
r tién t6i O thi lyc ddy phai ting phan tit
nhanh hon va do dé thé nang ting

rat nhanh.

11



PDang thue sy cua th ning phai ¢d dang nhu dudng cong len ndt tren

hinh 1.5
Pusng niy duoe bidu dién khd chinh xde bing ham s6:

U(p)=U,{i-¢ ]

A r
Vol P o
I-(.l

Cong thite (1.3) duge Morse dua ra v dudng cong the nang tuong tng
duge goi 1a dudng cong theé Morse. Tir (1.3) @ thiy khi p > th
-» U, . Nhu vay, U, chinh 1 ning lugng phan ly cla phan . Con khi

—1 s
o i hang 6.

1
Tl —ad

gid tri p nho, nghia 14 d6i véi cde duo dong bien do nho ta ¢o ¢
1 2

v U(p)=LU,a’p
Ar-nY K(r-coY
U{p)=Uya” (f ]g“) = 4 ) (1.4
I‘(] l-[}
vl k- jl’l“l_ )

I‘I:h
D6 1a chinh the ning cta lue gia dan héi (1.2) dd ndn o trén,
Bi¢t dang the nang dao dong, giai phuong trinh Schrodinger ta ¢6 the

xdc dinh dwoc nang lugng dao dong phéan .
P& véi phan tr ludng nguyeén, phaong trinh mo ta dao dong ¢6 dang:
MNPy 2M
e _JD_) PR By - Ui -0 (1.5)
dp” r

rrong do M 1a khéi lugng rit gon ctia phan 1.
Vi nhiing dao dong nho, thay bi¢u thire the nang dan hoi (1.2) vio
(1.5) vi giai phuong trinh ndy ta thu duge bicu thiic ning lugng:
£
] (1.6)

L= ffm| Vb
9

™o, . : o
- =L =_ 1a khoi lugng rat gon cia phin u;

—
. N
vl - \j— Y
M m, +m,

v =0,1, 2. 1a 56 lugng ti dac dong.

Phuong trinh (1.6) cdn ¢6 the viét dudi dang sau:

12



i
Lu=t,= (\»‘ +%th” =012 (1.6

|————---

L. (IH . . . . B ) R
Vil v, = - \j 13 tan $6 dao dong riéng cua phan ur.
"L.-E '

Nhur vay khi bién do dao dong nho, phin t ¢é thé xem nhu ta mot dao
déng it diéu hod ¢6 cic mic nang lugng cdch déu nhau va mite thip nhat

1
(v =) ¢ nang luong i, = :hv“.

Trong trudmg hop 16ng qudt, thay bicu thie the ning Morse vio
phuong trinh Schrodinger (1.5 vii giai phuong trinh ta s€ thu duge nang

luong dao dong:
. 1 l .
k= (v +5]]w[} —( —2} X, hv, (1.7

A
, ) 1 L ) ,
Vol X =] - - ‘ [& hang so. (1.7
Colavi,
Tir (1.7) ¢é thé thdy ring vt

khi dao dong khong dicu hoa,
cic muc ning luong khong

cich déu nhau ma ngdy cing
xit lai gdn nhau khi v tang
nhung khéng vugt qud 2101 han
l_.i[] {khoe’me cich  cic muc
AE = 0,1cV) (hinh 1.6).

Phé dao dong )
b) Pho dao dong Hinh 1.6, Duiing cong thé nang v cac muc

Trong viing dao dong diéu ning Iugng dao dang phén
hoit cac dich chuyén gifta céc

mtrc niang heong dao dong tuan theo quy tac chon loc sau:

Av =+ (1.8

Tan s6 biae xa tuong ung i
AL, ' \
V= . = vy Av =V, (1.9)

. 1 fk oo \ ,
VOl vy =—— v 13 tan s6 dao dong cua phan tu.
2n

13



Nhu vay,ta chi thu duge mot vach pho vai bude séng ¢ 10pm trong
viing héng ngoai. Néu thé ning dich chuyén sang ving dao dong khong
didu hoa thi xuat hién thém cdc dich chuyén tng vai quy tiac chon loc:

Av =12 43 . (1.10)

Céc dich chuyén gilta cdc mic nang lugng duge tinh thee (1.7) va néu
(v+1/2¥ X _hv, nhé thi cdc tdn 6 bitc xa tuong tng 58 1a v = 2v,,, 3v,,...

Nhu vy phé dao dong clia phin tr ludng nguyén s& pdm mot tin 6 co
ban v, viinhimg hod am 2v,, 3v,,.. nam trong ving héng ngoai.

Cha ¥: Trong cdc phan tir 2 nguyén tu cung loai (vi du Q,, N»...} khong
¢6 dich chuyén luong cuc dién nhung ¢é shé cé dich chuyén u cuc hoac
cam ung. '

¢) Tan s6 dao dong cta cdc lién két phan ti

Trong trudng hop phéan tr ludng nguyén, voi gin ding dao dong diéu
hoa, do dai lién két phan ti dao dong diéu hda nhu mdt 16 xo ¢é do cing
k = [,5. Gid tri {}; duge goi 12 hang 6 lye lien k&t Tan s6 duo dong riéng
phu thudc vio hing s6 luc lién két:

Uff , )
v = 42 [Hz] véi M=z
2V M m, +m,

Trong quang phé hoc dao dong ngudi ta thudng tinh 13n s8 theo don vi
. .oov 1 - L oe . ) \ Y
s0 song v=—=— [cm 1 (s6 bute séng trén mot don vi dé dai).
c A
Néu khéi luong duge tinh theo don vi khoi lugng nguyén tir u v hing
s6 lue duage tinh theo N/cm ( = mdyne/ A ), tin s6 dao déng phan tr ¢é thé
duoc tinh theo cong thitc:

V= 12503,![‘—2 fem™|
M

Trén bang 1 1a mot s¢ vi du vé tan sd dao dong ddi vai cdce lién ket
khdc nhau thong dung trong héa hitu co.

Céc hing s6 luc kien két gdn diing ty 1& v6i bac lien két. Vi du, d6i véi
lien ket carbon — carbon don, kép va bic ba, hing sd luc tirong dung 1a 4.5;
0.6 v 15,6 N/em. Tan sé dao dong con thay do1 theo do dai lien ket va
khé&i Tuong cdc nguyén tr (bang 2).

14



Bang 1.1.Tan s6 dao dong cd ban cia mét s& lign két phan to

Cmem—

Lién két Héng s6 fyc (N/cm} | Tén s6 déc trung (cm_")_ T_e;n_sc_ﬁ rm;;;;n fcm’)
-C-H 4,79 2960 2966
=C-H 5.1 3020 3066
«C . H 585 3300 3277
- C-C - C 45 900 1127
C=C- 9.6 1650 1644
-GC - 15,6 2050 2099 )
-N-H 6,35 3350 3396
-C=0 121 1700 1730
_— C—-N 159 2100 2041
Bing 1.2
Lién két B dai hign két r (A) Hang $6 e fign két f (mdyn/ A)
| -C-H 1,10 | 49
=C - H 1,08 53
| C=H 1,06 59

T

Thong thudng ngudi ta xem rang luc lien két khOI‘IE phu thude vio cdc
dong vi lién quan mic db theo I6gic phii ¢ mot anh hudng nho. Truang
hop thay thé nguyén to I bing cic déng vi D, T Ia khd r5. Néu
so sénh tan s¢ dao dong cla — C-H, ~C-D vi - C _ T (2916; 2108;

1738 em ™'y d6i v6i tdn s6 dao dong co pidn d6i ximg cda metan ta thdy
ching ¢é xu budng ty 1 véi khoi luong rit gon: Ty 1€ tén s6 13 1,36 d6i véi
cdc dao dong tr — C — 1 va — C - D, trong khi ty 1¢ khai lugng it gon
fuong dng la 1,38. Ty le tan s6 la 1,61 d6i véi cic dao dong tir — C - H va
— C =T, rong khi ty 1& khéi luong rit gon tuong tng la [,68.

15
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1.2.2. Phé quay cua phan tu

a) Ndng lrong quay
Xét chuyén dong quay clia phan tu 2 nguyén (i ¢6 khoi lugng céc
nguyén t 1an lugt 1 my, m, va khoang cdch giita ching 1 r. Cidc nguycn
tir cdch trong tam phan tir mot khoang 1y, 1 (hinh 1.7). Momen qudn tinh
clia phan U déi vai true quay di qua trong Lam la
“+ il
I =myr,~ + nars”
rong doir+ =1
My = Mal,

Tit hai phuong trinh trén suy ra momen gudn tinh phan ur

m,m )
—L 2 (n )= Mr’ (1)
m, +m,
.. m, m e )
vé6i M = —+—— [a khét luong it gon.
m, +m,

Theo quan diém 6 dién, moémen dong luong cua chuyén dong quay va
nang lugng quay tuong tng la

K= Lo
2 2
. | K0 N . . . e -
L= —;~ nén Ii = —— véi o li thn 50 guay.

Theo quan diém co hoc lugng tir, moémen
dong lugng bi lugng (0 hod theo cac guy ludt

lugng L va ¢d dung:

K[= 10D =012 (112

&G

‘Theo nguyeén 1y tuong Gng ta ¢ nang lugng m,
quity: N
W . Sy
L = ?I-J(J +1)=BI(I+1) (1.13)  Hinh 1.7.Chuyén déng quay

cla phan tu lwdng nguyén

y fm e
v B=— goilahing 50 quay.
21

Nhu vay, cde mic ndng luong guay voi ) cang 16n thi khoang cich
gilta ciac mic cang rong ra. Khodng cdch gifta cde muc nimg lugng guay
N ~ 3 .
viio & ~10 “eV.

16



b) Dich chuyén quay va phé quay

Phan wr ludmg nguyén vaéi hal nguyén tir khiic nhau luon wo thinh
momen ludng cuc theo hudng trye d6i xdng phan 1. Vi vay, khi phin ur
quay ludng cyue niy s& bléic xa. Quy tic chon loc cho dich chuyén biic xa
quay la:

Al = +1 {1.14)
Tan 6 cia dich chuyén biic xa tng voi A= +1 Wr{hH—l + 1) s& &
I ,ia b By . o ; _ i
2B

—{j+1) =012
h

V.o =
ol

Nhu vay, phod quay cla cic phan  Ep

wr ludng nguvén poém cdic vach cdch J
déu nhau. S6 liew thue nghiém cho ;
thity bude séug tuong ng cua cic dich

chuyén nim trong ving héng ngoual xa -
(~100um ). NEu ding nang lugng bé dé —1 3
kich thich phin tr ta ¢ the thu duoc I t ?
phé quay thudn toy. 1 0

1.2.3. Pho dao dong — quay

Khi Kich thich phé dao déng phai : .

e 1

ding  mét nang  luong  da 16n ) , . L
' j Hinh 1.8 Dich chuyén quay va pho

nen dong thol vél cic trang thii duo quay clia phan ti

dong, cic trang thai quay clng duge
Kich thich.

Dich chuyén tuong ting véi su thay doi dong thoi ci nang lugng dao
dong vivniang lugng quay din dén phé dao déng quay.

NEu Khong ¢6 tuong tic chuyén déng quay va chuyén dong dao dong
tht ning luong dao dong quay s& 12 18ng cla hai dang ning lugng wong
ing. Tuy nhién, khi phan tr dao dong, momen quin tinh b= M.~ ¢ thay

dor do khodng cach gidta hai hat nhan dao dong dan tdi su thay doi el

: . h .
hing s6 quay B= 57 Do nang lugng dao dong 16n hon nhiéu nang luong
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quay nén ¢6 thé 1dy gid tn trung binh cha 1~ din 161 gid wi hing sO quay
hicu dung B’ nho hon mét chat so véi gid tn B o vi of ¢én biang. Khi dé ta
¢6 nang lugng dao dong quay nhu sauw:

. . 1 . :
Evli:I1V+T;j:(v+5]th+B (J+I)J (1.16)
Céc dich chuyén dao dong quay tuong tng v6i sy bi€n thién nang lugng
AE,; tuan theo quy tac chon loc: Av= +1; Al = £I.
KhiAv=1AT=1{J -1+ l)taco:
i ]
AE, =hv +2B(J+1),1=0.1.2.. (1.17)
Cic dich chuyén bitc xa ndy dan t6i mot tap hop cac vach goi la nhdnh
R(AI=+1).KhiAv=1AI=-1(J—>J-1)tacs
AE =hv, +B[(J-1)J=JJ +1) | =hv, -2B")
AE ,=hv,-2B T (J>JT-1)J=1,23... (1.18}
Tap hyp cdc vach dng vai dich chuyén nay goi ta nhdnh P. (Al = - 1)

‘I'rén hinh 1.9 minh hoa cdc dich chuyén dao dong quay twong ing voi
nhanh R va P.

J
v=1 4 ‘
3 54
1 ] pa
2 &
1 § [} i
0 o
v=0 4 '
| o L. | R
3 " T ik T wer 1 e
: a
0 : o)
J=J-1 RN
4 3 2 1 0 1 2 3
P v R "
i — g — -

Hink 1.9. a) Dich chuyén dao déng quay
a) 28h 2B b) Phé quay clia mét dich chuyén dao
ddng trong phan tir CO,

18 sorornd Hoca



Chit y ring dich chuyén AJ = 0 bl cdm d&i véi cdc phan ldng
nguyén nén khong c¢é dich chuyén AE = hv,, nghia id khong xuit hien vach
v, Cde vach nhdanh R nam & phia rdn so 16n, bude séng ngin. DGi xitg
qua v, v6i nhinh R 12 cdc vach cta nhinh P ¢6 tin s nho, bude séng daj
hon. Cdc vach trong méi nhénh nim céch déu nhau mot khoang 13 2B/h.
Trén hinh 1.9 12 mot vi du phé dao dong quay ctia HCL. Tuy nhién, n&u chg
¥y dén dnh hudng clia dao dong len dao dong — quay ta thiy hing so quay B’
doi véi trang thai dao dong kich thich cang cao (v 16n) th £id tri cang nho.
N¢u ky hi¢u hing s¢ quay muc dao dong trén 14 B, mie dao dong dudi 1
B B'«< B". cdc dich chuyén dao dong quay phdi ¢é bi¢n thién nang luong
tuong dng nhu sau:

AL = hoy + 2B+ 3B =B ) + (B'~B"MJ?, J»J 4] , =0, 1,
(Nhdnh R)

AE, =hv, 2B+ (BB ) +(B~B"W’, ) 5J-1, 4 = 1. 2 3
(Nhanh P)

Cé hai nhdnh ndy ¢6 thé viét 1ai thinh mor cong thifc.

]

it m=J+l->J=(m-1)tacéd
AE, =hv, +(B-B")J+ (B'-B"J? (1.19)
VGl m=1, 2, 3... déi v&i nhanh R

m=-1,-2 - 3. d8i v&i nhanh P,
Tén 56 dich chuyén twong ing: v = éh!:

B+ B B'--B"

Vv + ——m+-—— Tt (1.24))
h

bicu dién v theo m (a duge mot dutng Parabol. Do dé cdc vach dao dong

quay twong tng s€ xit lai din khi m ting. Diéu nay duge minh hoa trén

hinh 1.10. .

m

Hinh 1.10.
Dudng biéu dién sy phu thuge
clatin sd v theom

L T TTTTTTTITI

19



1.2.4. Pho dién tir clia phan tu

a) Nang luong dién tu

Theo thuyét MO, phan tr Ja mot he thong nhit trong do cd cde dicn wr
chuyén dong. Ciling nhu trong cdc nguycn ur, mdi dicn W trong phan
duge mo ti bing ham song goi 1a Orbitan phan tir. Chd khide nhaw chinh [
Orbitan nguyén tir ¢6 mot tam a hat nhan nguyen 1, con Orbitan phan
¢é nhidu tam (nhiéu hat nhin nguyén ). Trong nguyen tr ¢6 the xem mol
dién chuyén dong trong trudng xuydn tm 1o bor ciac hat nhan viv i
dicn (W con lai. Do val phidn w Khong ¢6 dor ximg xuyen tam. ching han
doi voi phan 1 ludng nguyen ¢6 1rue doi xdng 12 dudng néit 2 hat nhin
nguyeén tir. Moi mot Orbitan phan (i duoe xic dinh bing 0 cic lugng
chi nang lugng viu phuong cua no trong khong gian. Quy tac sap x&p dign
tr vi Orbitan phin tr cling giong trong nguyen (. do la:

— Tuan theo nguyén 1y Pauli: Trong méi Orbitan phan wr chi ¢6 (heé <o
161 du 2 dien 1 ¢o spin nguoc nha.

Tuan theo nguyén ly nang luong: ien e lan juot lap day cic
Orbitan nang lueng thip roi mdr dén nang
lugng ciao. T do 1ao nen cau hinh dien e
phan . Phép cang cdc momen vanh ngoat
<& cho 6 hang phéan (0. Tuy nhi¢n, mémen
dong lugng quy dao toan phén cha di¢n tr
trong phén t& khong duge bio toan nhu

trong nguyén we vi dicn tu khong chuyén

dong trong trudng doi xing xuyen tim din

dén vige cong cic momen ¢o doi véi dicn Hinh 1.11. Momen déng lugng
tr trong phan i s& khic. Xét phan e quy dao todn phan |
ludng nguyén cé truc doi xing la duong
néi 2 hat nhan nguyén t, khi do chi ¢6 thanh phin mémen quy dao chicu
lén true d6i xdng Z mai biao toan

L, =M,k
M =L L1, L

Tuy nhién, do trudng néi hat nhan ¢é ban chat dién manh hon tur nén
nang lugng khong doi khi ddi dau M, . Vi vy, ning luong cha irang thal
phan tr duge dae trung bai 56 legng e A

A=M=0,1,23 L
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Tt do cdc trang thdi dien tr tuong tng duge ky hidu Ta: X 1L AD.

So lueng tr spin todn phdn S cha cde dién tr trong phan tir cling can
thigt dé dac trung cho trang thdi phin tl. Trong phin t fudng nguyén A > 0 va
spin chuyén dong tién dong xung quanh truc 7 néi hai hat nhan va ¢6 thé
nhan 28 + 1 gid 1 hinh chidw. 86 lugng t hinh chicu cta §, 1 X, Giong
nhu trudmyg hop nguyén tr, £ = 28 + | duge goi la do boi va trong ky hicu
duge dat & gde trén bén trai cua A, Vi du: T, 'A Momen co dién 1 toan
phan chiéu 1én true 7 duoe goi la £ vt dwoe xdc dinh tr A va S

Q=A+S5 A+S-1 . ]A - §. (120
dugce ghi ¢ géc dudi bén phai cha ky hicu
A Vidim A=28=10=3212=3 N [7 B

Mol mot trang thdi dién tr ¢ mot l S
3A,

mtic nang luong xdc dinh, tuy nhién néu
chi y dén chuyén dong cua cdc hat nhan
thi wng v&i cdc khoang cdich hat nhan khac nhao s& ¢é mét the nang dang
Morse.

Su bien thién nang lwong dign tr theo khoang cdch r gifta 2 hat nhan
duoge bigu didn bai dudmg cong (hinh 1.12) cho phan (it OH va O,.

Pudna cong vdi ning lwgng thap nhilt dng véi trang thal co ban ky
hicu 13 X. Cidc dudng cong khdc bidu didn cdc trang thai di¢n tir khidc nhau
duge ky hign: A, B, C..

B0 ..

O'P} + 0i'D)

T
Y2 3 4 AT} 3 5 3 rlAY)
Hinh 1.12 56 dd mic nang lugng cla phan tir OH va O,
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Ké&t hop cdc dudng cong nang luong dién Lt nity vl céc mic ning
luong dao dong quay 1a cé nang lugng toan phan cta phan .

Su bién thién déng thdi cua ba dang nang lugng dién tr — dao dong —
quay s& cho ta phé dién tlr — dao dong — quay cuia phan tir.

b) Dich chuyén dién tit dao déng. Nguyén Iy Frank — Condon

Phé duo dong quay phat sinh tir chuyén dong cia hat nhan trong phan
tr (nang luong o U,1eV). Cdc dich chuyén gitta cde mie digén Ut dng voi
bién thién niang luong 16n hon nhidu (~¢V) v din téi bire xa trong ving
kha kién va 1 ngoai. Thong thudng, dich chuyén dién (r ¢6 keém theo dich
chuyén gitta cdc mic dao dong va quay cia phan tir. Di¢u nay dan dén hinh
thanh phé ddm trong ving kha kién ctia phé phan 1. Cudng do cla céc
vach trong céu tric phé dién tlr dao dong cia phan tir duge giai thich bai
nguyén 1y Frank - Condon. Cic dich chuyén dién tir xdy ra nhanh dén néi
hat nhan chua Kip thay déi vi tef twong déi trong chuyén dong dao dong cia
ching. Piéu nay duge minh hoa trong cde hinh (1.13a.b,c). Trong truong
hop 1.13a, khodng cdch cdn bang cla hai duong cong th¢ nang 1 nhu
nhau. Do d6 ta s& nhan duoc chl yéu dich chuyén hap thu trv=0—>v =10
b&i vi vi trf tuong ddi v van tdc clia cde hat nhan khong déi.

‘Trong trudng hop 1.13b, cdc dich chuyén chia yéu 1r mic v = 0 lén
mirc ¢é v cao hon bdi vi ham séng & trang thédi kich thich ¢6 cuc dai & diém
quay ¢6 dién.

Trutng hop 1.13¢ xay ra su phan ly phan 10, dan t&i mot ving lién tuc
trong pho hap thu. Phé dic trung chotiing trudng hop duge chi ra bén canh
so d6 mitc nang luong.

Dich chuyén vé trang thii co ban tir trang thdi dién tlr kich thich ¢ the
xiy ra bang nhiéu cich. Dich chuyén c6 (hé xdy ra bing biic xa truc 1iép
mot photon hoac sau nhiéu dich chuyén dao déng lién tiép gita cac mifc
dao déng & trang thdi dién tr kich thich réi mdi chuyén vé trang thdi co
ban. Trudng hop sau, bitc xa s& chuyén dich vé phia song dai (do) so vai
bite xa kich thich (dich chuyén Stock). Ta cé thé quan sat duge didu nay &
cdc phin tu chit mau.

Dich chuyén AJ = 0 bi cdm déi vdi phd dao dong — quay thuln tuy lai
la cho phép trong djch' chuyén dién tir dao déng — quay (rir dich chuyén
y . Ty, Quy téc dich chuyén méi ndy 1am xudt hién thém nhdnh Q bén
canh cac nhanh P va R.
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Hinkh 1,13, Dich chuyén theo nguyén Iy Frank — Condon

1.3. PHO DAO DONG CUA PHAN TU NHIEU NGUYEN TUf

Trudng hop phan tir duge céu tao bdi nhidu nguyén tit ciu tric pho
phan t&r s& phitc tap hon. Xét mot phan tir gbém n nguyén i, cdu hinh cla
phéin tir ¢6 the duge xic dinh trung binh bdi 3n toa d6 DE — cdc twong ing
voi cdc dich chuyén cha cdc nguyén tir so véi vi tri can bing cha chiing
trong phan . C6 thé thay d6i véi phan tir khong thang 3n toa do nay img
v6i 3 chuyén dong tinh tién ciia todn bo phén 1, 3 chuyén dong quay vi
3n — 6 chuyén dong bién dang clia phéan tu.

Cac lyc lién két trong mot phan tir ¢ thé bidu dién bing mot ham thé
nang trung binh V. Véi gid thiét céc dich chuyén 4 nho, ham 6 V ¢6 thé
khai trién thanh chudi Taylor:

V. I« &V
V=\JO+Z(~6T)1-i+EZ(517
:V0+Zf1"i+lzfur.‘,+ quu

Trong d6 r; 1a céc toa do6 dich chuyén ciia nguyen tir d6i véi vi tri cén
bing cha ching trong phan tir. Néu 18y g6c cha thé nang 13 vi tri can bing
ta cd Vo= 0. Tuong tu, do 18y diém géc 1a vi tri cin bang nén ¢é thé ching

N )rtl +,
0 (1.22)

. ’ ov : g X
minh rang cdc hé s6 £ =——=0 (v&i r, I cdc toa d6 doc lap). Trong gin
r.

1
ding bac hai, ta ¢6 thé bd qua cdc s6 hang bac ba va cao hon, vi 6 bidu
thic thé nang rit gon nhu sau:
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f " v I. : -
Z‘ ('Z] 3 qu i (1.23)

i

Phép gdn ding trén con got la phép gan ding didu hoa, trong dd cic he
50 [ ddng vai tro teong tr nhu cde hing 6 hue. Hang s6 lue chéo £, v
[ = j mo ti tinh didn hoi eda lien ke tan theo dinh luat Hooke. Cdce he ‘”i— ¢
véi 1% j la cde hing s6 luc tuong tic, mo ta su thay doi cde thude tinh dan
héi cta mol lien ket khi lién két Khic bi bien dang. Nhu vay, cdc hang =0
lre cha cic 1ién kEt, khai lugng cde nguyén {7 viv cau hinh phan tus€ xde
dinh cie tan s6 va ghuyén dong twong doi cluar nguyén ur,

Pé minh hoa ta 1dy phan tir nude lam vi du. Thay choe toa do Dé-cae,
cic bién dang bén trong phan ta nude ¢b thé x:ic dinh bing ba toa do noL
d6 i hai toa do do dii lién két O — H (Ar) va goc gl itta hai lién ket niy
(AMD). Sau khi gidl cdc phuong (rinh chuyén dong, ngudi ta thay la cic
chuyén dong khong phai true tiep theo cic toa do noi mi 1a 1o hop cia
ching. Trén hinh 1.14 chi ra ba dao dong chuin coa phan nr nude: dao
dong gian doi xdng viu phin xdng coa lién K&t O voi tan 86 vg v vy va

dao déng bién dang &

/

Hinn 1.14. Cac bac chuyén dong tu do ciia phan tinude. T, la chuyén déng
tinh tién, R; la chuyén déng guay cua toan b phan thi=xyz vevav,la
cac dao ddng gian ddi xitng vi phan xdig, § |a dao déng bién dang.
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1.4. CAC PHUGNG PHAP KHAO SAT DAO DONG PHAN TU

Theo co hoc lugng tir, phin tr ¢6 thé nhan mot nang luong hve deé
chuyn sang trang thdi kich thich dau tien. Luong (0 danh sdpg -trowg
ving hong ngoai v6i bude séng tir 2.5um — 1000um 6 nang lwong Ta
hv =he ¥ véi § =4000em ' dén 10cm ' Mot phan w khi duwge chidu sdng
boi biic xa héng ngoai ¢6 pho lign tue ¢é thé hap thu lwong tir dnh sdng ¢o
nang lugng nay. Pho cla bic xa con lai s& [h mot ddi hap thu o tan s6 vy
Hinh 1.15a minh hoa qui trinh niy. Trong so dé ndy, dao dong cta mot
phin tr ludmg nguyen hodac mot bge dao dong ty do cta phan tir da nguyén
duge kich thich nhd dich chuyén tr mic nang leong v = 0 dén v = | cua
trang thdi dién tr co ban S,

Dao déng trong tu ¢d the duoe kich thich bai mot co ché hoan toan
khic. ching han béi tdn xa khong dan héi clia mot luong 1 dnh sidng nang
luong cao hon nhw minh hoa trén hinh 1.15b (hicu iing tin xa Raman). Cic
phin tr nay duge chigu sing boi bite xa don sde trong viing (I ngoai, kha
Kicn hode héng ngoai gin ¢ luong tir nang Tuong hv, Trong mot va cham
khong dan hoi cia Tugng tr dnh sing véi mot phan 1, nang luong dao
dong hivged thé bi thay déi. Nhu vay, lugng (o inh sdng tan xa ¢d mot ning
luong thip hon hodc cao hon:

hvg =hv, £ hv, (1.24)
trong do hvgla ning luong dao déong.

Cie luong 10 nang hugng hvy, din dén pho Raman. Dong thisi cic lugng
tr nang hrong kich thich ciing bi tdn xa dan hoi, hign trgng nay duge goi i
t@n xa Rayleigh. ‘Trong trudng hop nay lrgng tr tin xa ¢6 cing nang luong
hvy nhu Tugng tix kich thich. flinh 1.15¢ mé td mol qud trinh tuong tu — tdn
xa khong dan hoi clia notron. Viée chiéu séng cde phan tir bang cdc notron
dou nang luong lam sinh ra cdc notron tin xa tuan theo quy tic lrong
phuong trinh (1.24). Trong khi tdn xa Raman cling nhu hip thy héng ngoat
trén cac phan tie doi xdng tudn theo chat ¢hd cde quy tic chon loc cho phép
hoac cdm mot 56 dao dong trong cdc pho nay thi tin xa khong dian hoi cua
notron khong phai an theo cdc quy tac nay. Tdn xa notron it dung trong
oa phan tich nhung thudng duge st dung dé nghién ctru dao dong mang
cha tinh the trong vat 1y chat ran va dong hoc chat 1ong.
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Cusi cting, phd huynh gquang (dic hiét 1a cde chat Khi) cing ¢6 the
phdl hien cde trang thdi dao dong cta phin wr trong trang thai dien (- co
ban (hinhl.15d). Cic phan tir duge chi€u sdng bdi cdc luong o ¢6 nang
Juong dit 16n cho phép kich thich cdc dign 1l hda i 1en trang thdi kich
thich, ¢6 thé trd vé trang thidi co ban bing cdch phdt ra lugng tu néng luong
thiap hon. Mot pho huynh quang nhu vay co thé cho ta ciac ddm phdt sinh
cic dich chuyén tir trang théi dién ti kich thich v& cdc trang thdr dao dong
khdc nhau cla trang thdi dicn wr co ban. Quang pho hoe huynh quang 12
mot cong cu ¢ gid tri d€ phan tich v& do ¢6 hidu suat lugng tw cao (1y 50
aifta cdce luwgng (0 bie xa va hip thu K cao). Tuy nhién, phuong phip nay
thuemg khéng duge ding trong hoa phan tich dé nghidn ciu cdce trang thi
dao dong. D&i v6i cic phan tr & cling mot trang thdi trong cing mot dicu
kién. cdc phuong phip néu wén déu ¢d gid iri nhu nhau dé¢ xdc dinh tdn 56
dao dong clia phan 1 & trang théi cd ban. Tuy nhién phuong phap pho bicn
nhat hay ducce ding 1 quang pho hoc hong ngoai vii Ruman.

) g & £ 4 E 4

Y
]

q G q

¥

Hinh 1.15. a) Hap thu héng ngoai; b) Tan xa Raman;
¢) Tan xa ndtron khdng dan héi; d) Huynh quang

Quang phd hoc héng ngoai vi Raman cung cip thong tin bo tro lan
nhau vé dao déng phan i, bdi vi trong cdc Ky thuidt quang pho hoc nady co
ché trong téc cua lugng tir dnh sdng véi phan tir 1a hoan toin khice nhau.

Tuong tde cha bic xa héng ngoai véi mot phin tr dao dong chi ¢6 ncu
vecto dién ctia trudng birc xa dao dong var cung tan 06 nhy moémen ludng
cue phan tie. Mot duo dong duoe kich hoat hong ngoai chi khi momen
ludng cue phan tir duge didu bien boi dao dong chuan.

& ) 20 (1.25)

Ny |
(;q i
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o day: u la momen ludng cue phan tr vi q 12 toa do chuan mé ta chuyén
dong cua cdc nguyén (I trong dao dong chun.

Mot di€u Kign tuong tr ciing cdn phai thda man dé cho mét dao dong
duoc quan sdt trong phd Raman. Khi mot phan & duoe dat trong dién
truong, dién & v hat nhan chuyén dong cudng bic theo hudng nguge
nhau. MélL mémen ludng cue cam mg sinh ra ty 1& v&i cudng dé dién
trudmg viv do phin cye cia phan (o Mot duo dong phan & chi ¢o thé
duoe quan sdt trong pho Raman néu do phan cue phan 1 duge dicu bién
bat dao dong nay:

((—03] 20 (1.26)
(4

q

Néu cde dieu kien (1.25) va (1.26) duge thoa min thi cde dao dong
duge goi la cho phép hodc hoat dong (active) trong phd hong ngoai v
Raman tuong tmg. Néu cdc didu kign nay khong duge thoa min, ching
dugc goi a bi cdm hodc khong hoat dong.

Trén hinh 1.16 mo td vimg pho héng ngoai va phé Raman kich thich
bang cde vach phé khdc nhau. Phé hap thy ndm giita 4000 va 10 cm ™' phu
lén mic¢n hong ngoat (IR) véi bude séng 2,5 - 100pm va héng ngoai xa
(FIR) bude séng 100 — 1000um. Mién phé Raman bitc Xa (rai rong tr tan
86 biic xa kich thich v, dén ¥, — AV véi AV =0..4000cm . Cde viing pho
Raman Kich thich bdi cic loai laser pho bién nhy Laser Argon (488;
515nm), laser He — Ne (633nm), laser GaAs (780nm) va Nd:YAG
(1064nm) cling duge minh hoa trén hinh 1.16, : '

20 000 10 000 0 <cm!

Tan xa Raman Hap thu Héng ngoai

VIS NR IR
CFIR

0.4 07 1.0 25 10w jium)

Hinh 1.16, Cac vung phd héng ngoai va Raman trong thang sé song {cm )
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Chuong 2
NGUON SANG

Ngudn siang 1 mot bo phan guan irong khong the thicu trong mot
phong thi nghi¢m quang phd. Nguon sang cung ciip didu kién dé kich thich
nguyén i, phan wr cdc chit bic xu hodc hip thu. tan xa, huynh quang...
Theng tin vé cdc nguyén tu, phan 1 cia miu nghién ctu s& thu duge w
phé cta cdc tin higu dnh séng phdt ra.

Co it nhidu loai nguén sing Khde nhau dé ddp tng cdce yeu can khac
nhau trong nghién ciu. Ching khdc nhau vé cudng do phdl sang, phé dnh
sdang phat ra, ch¢ do phat sdng lién fuc hoac xung. Trong gido trinh nay, cdc

ngudn sdng duge phan loal d¢ gigi thi¢u theo muye dich st dung caa chung.

2 1. NGUON SANG DUNG TRONG QUANG PHO PHAT XA

Trong quang pho phit xa, cdc nguyen tr vt chidt cta mdu nghien ctiu
duoe kich thich phét sing ngay trong ngudn sdng. Cic miu ¢6 the & trang
thdi ran, 16ng, khi phai duge chuyén thinh cde nguyen (0w do va sau do.
duoc kich thich bie xa boi nhict do cao cua nguon.

Yeu cau doi voi ngudn sdng trong quang pho phat xa la:

_ C6 kha nang chuyén toan bd mau thanh pguyen (i wr do.

_ 6 1thé didu chinh duge nang luogng kich thich.

_ (6 di nang lugng d¢ kich thich toan bo céc nguyén 16 trong bang
tuan hean.

— Khang ¢6 phong hén tuc.

- C6 do lap lai cao.

- On dinh khi chuyén mau thanh nguyén tir tr do v kich thich.

— Cho két qua tin cay va dg chinh xdc cao.
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Chua c¢é mot nguén sang nao thoa man dong thoi tat ca cac ticu chuin
trén. Nhitng nguén sang thuong gap 1a ngon lra, plasma cao tan, ho quang,
tia dién, laser... '

2.1.1. Ngon llra

Ngon lira la nguén sédng khong chi dung trong quang pho phat xa ma
con dung trong quang pho hap thu nguyén tir.

Mau cén nghién ctu trude hét phai dugc chuyén thanh dang dung dich.
Dung dich méau duge phun vao ngon Itra nhd mot bo phun suong. So do ciu
tao ctia bo phan phun suong két hop véi ngon lira duoc mo ta trén hinh 2.1.

Mot 6ng mao din duge nhiing vao binh dung dung dich mau. Trén
dau 6ng mao dan mot luéng khi manh duge thoi vao lam dung dich theo
ong mao dan di lén va phun ra dudi dang cdc hat swong. Luéng khi théi
qua déu 6ng mao dan chinh la luéng khi nhién liéu va 6xy. Khi ta cham
ngon Ira chdy thanh ba vang (hinh 2.1). Trong viing chdy so c¢ap ngay diu
6ng mao din phan tng chdy vira méi xay ra nén chua c6 can bang nhiét.
Trong vung chdy trung gian, ¢ gitra su can bang nhiét da dat duoc, ngon
[ra chdy On dinh, nhiét do cling cao nhat.

Téc do cha luéng nhién liéu va luéng 6xy la cdc thong s6 quan trong
dé ngon Iira chdy 6n dinh. Téc d¢ t6i wu nay phu thuéc vao nhién liéu duoc
dung. Nhiét do cua ngon Ira tuy thudc vao nhién liéu sir dung va ham
luong 6xy tham gia.

Trong bang 2.1 1a thong s6 clia ngon lira véi moét vai thanh pﬁﬁn
nhién li¢u.

Vung chay tha cdp

Vng chay trung tam
_ Vung chay so cép

<«—— Nhiénligu

. +—— Oxy

Hinh 2.1. Ngon Ita
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Bdng 2.1. Théng sé cla ngon Iva vdi mét vai thanh phan nhién liéu

| Thanh phdn nhién ligu I\I).‘-fﬁéf.d(j (K} | |
R I
Hydroh + khong khl B N _ .2356
Aceten (CH) + kheng ki | ats0
e R

Ngon lira dé sw dung, ¢é tinh Iap lai cao, gid thanh thap. Tuy nhidn, né
cd mot s6 nhuoe didm sau:

— Nhigt do khong cao, khong di kha ning dé kich thich nhiéu nguyén
(6 trong bing tuln hoan Mendeleep. Trong thyc t& chi thich hop kich thich
cde nguyén 1o kim loai kiém.

— Khéng thé kiém tra va dicu chinh ning lugng cia ngon lita mic di
thay doi t6c do ludng nhién liéu vi 6xy cé thé thay doi ning luong ngon
lra nhung rédt han ché.

— Ngon la ¢é (hé tao ra nhitng sdan phim trung gian khidn ty le
nguyén tr ty do clia nguyen 1o can nghién ¢du giam. Piéu nay han ché vi{:c'
xde dinh ham lugng nguyén t& trong mau véi do chinh xde cao.

— Phai chuyén mau thanh dang dung dich.

2.1.2. Nguén plasma cao tan

Pé tao ra nhi¢t do cao. on dinh hon nguoi ta dilng nguén plasma cao
tan. Mot ong thach anh dutmg kinh tir 15 - 30mm, duoge quin xung quanh
boi nhicu vong day din tao thanh mot cudn day cam dng noi vai mot may
phat dién cao tan. Tan s6 cla nudy phat 13 10 4 - S0MIz, cong sudt
I — SkW. Mot luéng khi tro thudng 12 Argon duoe théi qua Sng thach anh.
Luéng khi ndy tao nén plasma cia nguén khi ¢é hid¢u timg dong cao t1dn
Xuat hién v cing la d€ 1am ngudi ong thach anh. Sau khi duoc méi
bang hé quang, khi plasma s& hinh thanh va én dinh vdi nhiét do cao 16
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9000 - 10.000K. Mau nghién cttu chuyén thanh dang suong va duoc dua
thang vao trong 6ng thach anh.

Nguén plasma cao tén c¢é nhiéu vu diém nhu:

— Nhiét do cao, mat do diff:n;'tfr cao.

— Thoi gian ton tai plasma kh4 lau.

- Nguyén wr ty do duge hinh thanh trong vung khong cé phan tng
hoéa hoc.

—Khong ¢6 phan ti tén tai trong plasma, hodc néu c6 thi khong ddng ké.

— Nguén ¢6 thé 1am mong nén tranh duge hap thu thit cap.

— Khong céan dién cuc.

— Khong chita khi né.

Plasma hinh thanh chia lam ba ving. Loi ctia plasma nam sau trong
cuon day cam Ung chimg vai mm. Pho cia ving 16i dic trung bai mot
phong lién tuc manh, trong dé ndi 1én cdc vach ctia Argon (Ar). Phong lién
tuc nay Ia do sy tdi hop cta dién t va ion. Vi ¢é phong lién tuc nén day
khong phai la viing 1am viéc clia ngudn.

Plasma Vung th ba

Ving thi hai

L 1-3cm I :

Vung phéng lién tuc
_— ____ May phat '
—— cao tan

Khi Argon

Hinh 2.2.Nguén plasma cao tan

Phén trén viing 16i plasma mot chit, nguén sdng tro nén trong su6t hon
va phong lién tuc giam di vai bac. Ving nay daj chimg 1 - 3cm & phia trén
cuon day. Phong trong viing thit hai ndy chl y&u 1a cdc vach Ar va cic dam
birc xa cua phan tr OH, NO va NH. Nh¢ diéu chinh t6¢ do cha luéng khi
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Ar mot cdch thich hop ¢ thé gidm 61 da cic pho ddm cia cdc phin 17 va
chi con cde vach phd cta Ar. Nhiét do clia viing thit hai nay thay doi ri
nhidu nén ¢6 the kich thich cling mot lic nhidu nguyén 16 khic nhau. Vung
fhit ba & trén ctng cé nhiét do twong duong ngen loa nén duge ding dé
kich thich cde nguyen 16 dé kich thich. C6 the thay ngudn plasma cao tin
ddp @ng hau hét cde ticu chufin caa mot ngudn sing 1y rgng trong guang
pho phat xa, ¢d thé kich thich cde nguyén 16 tir kho dén dé kich thich, ¢ho
phép nghién citu déng thoi nhiéu nguyén 16 khic nhav. Vice chuyén thinh
npuyén tr v do duge hinh thanh trong mo trudng khi tro nén tranh duoc
cde phan tmg hda hoe. Cdc mau long vh khi ¢ the dua thing vio plasma,
con mau ran ¢6 thé nhéi vio thanh carbon réi dua vio plasma. Nguon on
dinh v lap lai 16t nén cho két qua phan tich dang tin ¢y,

Nhuoe diém chi y&€u clia ngudn plasma cao tin 1 gid thanh cao, phai
lien tue ding khi Ar khd dat tién. Ngodi ra vin con nhiing frang 1in vé pho
mac du khong nhicu.

2.1.3. H6 quang va tia dién

a) Suw phéng dién trong khong khi

Khi hai dién cuc kim loai dit cdch nhau mot khoing khong 16n lam
(~5mm) duoc néi véi mot ngudn dién vai chue von thi ban dau mach dién
I3 hés, Néu chidu vio khoang khong gian giffa hai dién cue buc xa (it ngoal,
Ronghen hoic dét ndng dién cue.. lam ion hoa khoang khong gian nay thi
st phdng dién s¢ xady ra.

Pat vao hai dién cuc mot hicu dién the cao hon ¢& 10.000V thi dudi
téc dung ion hoa coa dién trudng manh mach s& kin v xudt hién su phéng
dién gifta 2 dién cuc. Hién twong niy goi la sir to phéng dign. Hicu dicn the
can thiét dé& danh thing khoang khong gian gitta hai dién cue & dp sual Khi
quyén phu thudc vio khoang cdch gilta hai dién cue va dang cua dién cure.
Véi cing mot hi¢u dién thé dign cue nhon dé phong dign hon dién cue
phing Cic loai phong dién khidc nhau & dp suat khi quyén ¢6 nhicét do thay
doi trong mot khodang réng 3500 — 8000°C dai véi ho quang, dén
10.000"C déi vai tia dién va phéng dien xung. Dudi diy s€ trinh bay hal
dang phong dién co ban trong khong khi la ho quang va tia dicn.

by Ho quang

Né&u hai dién cue kim loai durge dit mot hidu dién the ¢& 80V, khi chap

hai dién cuc lai, dién cuc s& duge dot néng, {de kéo hat dién cye ra xa nhau
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vai mm thi s€ xay ra phéng dién hé quang: Hiéy dién thé trén cdc dién cuc
¢6 thé thay déi tir 25 — 80V twong tng voi dong di¢n ¢o tir 1 — 2A dén vai
chuc ampe. Dié¢n cuc h6 quang thuong dat thang ding, khi d6 khong khi
chay doc theo tryc cta plasma khong anh huong dén su chdy cua ho quang.
Néu dat ngang dong khong khi tao thanh do dot nong sé anh huong t6i ho
quang.

Nhiét do ho quang c6 thé tir 3500 — 8000°C, dat cuc dai ¢ phan tam ho
quang vi 6 do mat do dong 16n nhat. Nhiét do h6 quang phu thuoc vao hicu
dién thé va mat do dong dién duoc phong qua khoang gitra 2 dién cuc. Mot
y€u 10 quan trong anh hudng dén nhiét do ho quang la th¢ ion héa cua chat
tham gia vao su phéong dién. Néu thé ion hoa thip, s6 hat mang dién trong
plasma nhiu, dién trg clia né s& giam, din dén hicu dién thé giam va do do
nhi¢t do giam. C6 thé néi nhiét do hé quang duoc quy dinh bai thanh phan
¢6 the ion hoa thap nhat tham gia vao su phong dién. Trén hinh 2.4 1a
duong cong ma ta su phu thuoc cta nhiét do hd quang vao thé ion héa cta
mot s6 thanh phén kim loai.

\—

T(K)

8000
7000
6000
5000

4000

3000 | | | | | | e
4 5 6 7 8 9 10 U (ev)

Hinh 2.4. Anh huéng cua thanh phan c6 thé ion thp lén nhiét dé hé quang
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Pdc trieng Von —- Ampe

Su phéng dien hé quang khong tuan theo dinh ludt Ohm, di¢n tro cua
n6 phu thude vie cudng do dong dién. Khi dong cang 1dn. s6 hat tai dién
cang lém, dién tré giam va do d6 hi¢u dign the gidm. Duong dac trung Von
— Ampe ¢6 dang phi tuyén nhu hinh 2.5.

Do tinh chil nay, vi mot nguyén nhan nao dé ngdu nhién cutmg do
ddng tang, hidu dién thé gidm xuéng dudi gid tri cin thiét thi hé quang s&
tit. Dé hé quang chdy én dinh ngudi ta phai mic no6i tip véi mol dién trd
diéu dong. Dién tré¢ ndy cé gid tri phai 16n hon nhiéu dién trg khoang
phong dién hé quang nén nhd d6 s¢ gitr cho cudng do dong dién trong
mach khong doi v hi¢u dién thé trén 2 dién cuc khong déi. Tuy nhién, khi
R ting, cudng do dong dién s giam, bién thién ty d6i difi tang, ho quang
lai khong 6n dinh. Vi vay, khi ting R dong thoi phai tang hi¢u di¢n the
ngudn nudi (d€ ting dong). Ngudi ta thudng chon higu dién theé nguon nudi
16n gdp 2 — 3 1an higu dién thé 2 dién cyc. Vi dy, trong hé quang mot chicu
ngudn ¢6 E = 250V dng véi hiéu dign the gitra 2 cuc 12 150V,

AT,

101

] I } -

0 60 80 100 Uiv)

Hinh 2.5, a) Budng dac trung Von — Ampe cda hd quang
b) Sa d& hé quang mdt chidu

Ty theo hiéu dién thé sir dung ¢6 thé phan loai ho quang thanh 2 loai:
hd quang mot chiéu va xoay chiéu.

116 quang mér chiéu

Trén hinh 2.5b 13 so dé hé quang mot chiéu. Dién rd diéu dong

thudng gém 2 dién trg 402 chiu ddng 16n 5 — 6A ¢6 the méc ndi uép hoac
mic song song khi dong 1én 10 — 12A. Thay d6i gia tri dién tré diéu dong
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cd thé thay déi nhi¢t do hé quang. ITieu dien the gitta hai di¢n cuc thuong
chon 12 150V (ing vdi the nuoi 200 — 250V). bé méi ho quang phong dién
¢o thé ding mot thanh graphite néi hai cwe cho nong Ién roi bd ra hoac
dung bd mét cha hd quang xoay chiéu nhu & tinh bay dudt day.

Ha quang xoay chiéu

Khi néi mach phéng dien hé quang mot chidu véi ngudn dién xoay
chiéu 50Hz thi phéng dién chi cé (hé Xay ra voi cdc dién cuc than hoac
graphite v dong phai khd Ién. Nguyén nhan 12 trong méi nfra chu ky khi
higu di¢n the gidm nhd hon gid tri can thigt ho quang s& tat. Neu dién cuc
bang kim loai, do dan nhiét 161, nhig¢t do ha nhanh, kha niang phét xa di¢n
tr kém di. D€ nita chu ky sau, khi hiéu dien the ting du 16n van khong thé
xay ra phéng dién duge. DE ho quang dién cuc kim loai thue hién duge véi
dién xoay chieu can thiét phai méi bing cao thé trong méi nira chu ky (100
lan trong mot giay) dé dénh thung khodng phéng dién giita hai dién cuc.
Sau dé ho quang s& phdng nhu trudng hop di¢n mot chiéu. So dé hé quang
xoay. chi¢u véi mach méi cao thé duge mo td trén hinh 2.6.

! C,
R, ‘ E l —' I_.__.__..
— S| p L
NS
L
R, _ Bién cuc hé

quang

|

I

o
——

Hinh 2.6, 3¢ do mach hd quang xoay chidu

R, = 4082, Ry = 40002 g cdc trdf diéu dong: C; = 0.5 —0.25uF diing
dé ngein dong cao 1én di vio mang dicn hési; Cy, = 0,01 — 0,003 li 1y
cao thé, L, = 400uH (150 ~ 200 vongl: Ly = 10uafl (10 vong).

Bien the T cong sudt khong 1dn lam (100W) tang the lén khoang
[2KV. Ty cao th& C, nap dién khi hieu dién the tdng trong mdi nira chu k.
Khi the di 16n dé ddnh thing khoang phéng dién P thi tu phéng dién qua
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mach L.C,. Trong mach s& xudt hién dao dong cao an ((n2 = {/1.5(5), cuo
thé truyén sang mach phéng dién ho quang qua cap cuon day L, — 1 dé
d4nh thing Khoang phong dien hd quang. Do mach moi va mach hé quang
chung nguon dign xoay chiéu nén hidu dign the trén 1 Gy viu ién 2 dicn
cuce ho quang ting dong thi. Su bien thicn hisu dién the tren 2 dién cue ho
quang trong mot chu k¥ cha dong dién xoay chidu duge mo a trén hinh 2.7

Trong khoang AB va CD h6 quang phéng nhu trudng hop di¢n mot chicu.

Uiv)

300

- 300

Hink 2.7, Sy bién thidn hiéu dién thé trén hai dién cuc

shong dién hé quang xoay chiéu
Piéu chinh bién ¢ R €0 thé [am glam dong nap W C. nho dé lam tang
pha mdi ho quang. Theri gian phéng hé quang khi d6 s& giam. Cling ¢6 the
didu chinh pha bing cach thay déi khoang cich dién cuce P.
So sdnh ho guang dién mot chidi va xoay chiét
pién trd ho quang v higu dign the trén cic dién cue phu thude N
khoang cich 2 dién.cuw. DéE ¢6 nhiet dd plasma ho quang khong doi ph
gift khoang cich dién cye Khong déi. Trong ho quang mol chitu khodng
cich niy thay doi nhanh chéng. 1on nit, thi gian dGt nong difn cue o ha
quang mot chiéu 12 lién tuc, [am bay hot manh chiit ¢ theé ion hoa thap,
dan dén dong tang theo thdi glan vd hicu dién the giam. Nol chung, ho
quang mot chiéu chdy khong on dinb. O hé quang xoay chitu dicn cue
tuon déi diu nén Khoang cdch gilta chung thay d6i it hon. Hon nita la dugce
méi-dé phéng dién ¢ phitng thoi diem xic dinh (ng vai higu dién th¢ nhu
nhau. Su dét nong dién cye vii su bay hot cua chal ¢ the ion hoa thip it

hon. Do én dinh caa hd quang xody chidu do d6 t&i hon. Tuy nhien, ho
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quang mot chiéu ¢é dét néng lién tuc, vé1 sy bay hoi manh clia dién cuc
nén cd do.chéi cao hon.

Trong so do hinh 2.7, ¢6 the tang cong sual (do chéi hé quang) bing
bien trd R, tuy khong nhiédu.

Nhigt do ho quang & tang ddng ké khi tang hi¢u dién thé.

¢) Tia dién

D¢ ¢ nhigt do plasma cao ma khong cdn ngudn cong sut 16n ngual la
ding tia di¢n. Trong hé quang. d€ ¢ nhi¢t do cao phai tang hiéu dién thé.
Vérhigu dién the cao, muon ¢ mat do dong 16n c¢an phai dong ngudn eong
sudl lon. Tuy nhién ¢6 the khong can ding nguén céng suit lém ma van ¢é
duge mat d¢ dong 160 nh& phéng dién xung ngan. Che do phéng dién nay
thue hién nhé mot tu dién cao thé va duge goi 1 tia dién tich tu.

Trude tién, dign duge nap vao tu dién réi sau dé duge phéng qua hai
dién cye. Cau tric cua tia dign khdc v6i hd quang. Trong méi 1an phong
di¢n, dau tién mat kénh rdt hep plasma duoc tao thanh. trong dé hau nhu
khong ¢6 chat lam dign cue. Nhiét d6 kénh plasma nay rat 1dn, hang chec
nghin do C. Anh sdng phdt ra chi yéu gom cdc vach biic xa cla nito vi oxy
cung v&i mot phong lién tuc manh. Tai ving hep ma tia dién phdng 16i trén
mat di¢n cye, nhi¢t d6 rat cao nhung khong kip truyén sang bén canh s8

phu 1én mot ngon {ira rdt chéi nhiét do gan 10.000"C.

’ «oF( Mb to quay
——

./

Hinh 2.8. 86 d6 mach phong tia dién va cdu tric tia dign
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Trong ngon lra nay can bang nhiét Kip tao thanh, bitc xa cla nd géom
cdc vach cha chét lam di¢n cuc. Phuong cha plasma vi ngon lra khoéng
trung nhauw (hinh 2;8).

Bién the T tang thé 1én 16 800 — 1500V (cong sudt ¢d 0,2 — 0,8kW).
C = 0,003 - 0,02pF. Néu khong ¢ dién cuc F va dién trd R, thi ty C 58
nap dién td1 hiéu dién theé du 1én thi phéng dién qua dién cuc P. Do th€ e
phong dién phu thudc nhicu vdo dang vd Khoang cdch 2 dign cuc ma
khodng cich nay thay déi trong qud trinh phéng dién nén thoi diém phdng
dién thay déi sau nhitng chu k¥ khdc nhau ciia mang dién. D€ diéu khién
thai diém phéng dién ngudi ta dua thém vao mot cap dién cuc phu F (hoac
dung mot moto chi huy). Bién cuc F lam bang Wolfram (W) va <0 khodang
céch rat xdc dinh. Song song v&i dién cuc chinh P ¢ méic thém mot dién
tréd R, = 5SMQ hoac mot cuén cam sao cho vdi dong dién cao tin thi ¢d tré
khidng 16n, con véi dong dien 50Hz thi trd khang nho. Khi tu C nap dién,
higu dién th€ trén 2 dién cuc phu F ciing tang theo, d&n mot gid tri xdc dinh
s€ phong dién qua F. Liic d6 trong mach L.C s& sinh ra dong cao tén va do
R, 16n nén hi¢u dién thé tip trung lén dién cue chinh P. Ngud ta chon
khoang cdch dién cuc sao cho thé tu phéng dién cia dién cuc chinh P nho
hon thé tir phéng dién caa digén cuc phu F. Nhu vay, sau khi dién cuc F
phong dién thi dién cuc P ciing phong dién. Thay cho dién cuc phu F ciing
c6 thé diting mot moéto déng bo diéu khién su déng mé clia mach phéng

dién vao cédc thdi diém theo ¥ mudn cia ban chu k¥ dién xoay chiéu.

2.2. NGUON SANG TRONG QUANG PHO HAP THU, HUYNH
QUANG VA TAN XA RAMAN

Trong quang pho hap thy, huynh quang ngudi ta thuong cin mot
nguon sang cuong 4o dé manh trén moét viing phé rong, ¢é bude sdng thay
déi lien tue, Trong quang phé Raman lai cin mot ngudn sang dom sic,
cuong dé manh tdp trung vao mét vach bt xa hep. Tuy theo muc dich
nghién ctu, ngudi ta s& cin dén nhiing ngudn sdng lién tuc hay don sic
trong mot viing phé xdc dinh nio dé tir héng ngoai, kha kién dén w ngoai.
Sau day la mot s6 ngudr sdng thong dung thdéa min cdc yéu cau khic nhau
trong quang phé thuc nghiem.
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2.2.1. Nguén bure xa nhiét

a) Vit den tuyét doi

Mot vat khi nung néng s& bic xa song dién tir. Nhiét do vat cang cao
thi bude séng bic xa phdt ra cang ngan. Vat den tuyét d&i la vat ¢6 kha
nang hap thu hoan toan biic xa chigu 16i. Nang suat hap thu véi moi bude
séng a(A) = 1. Theo dinh luat Kirchhoff khi & can bang nhigt vat ¢6 kha
nang hap thu manh budc séng nao thi ciing ¢6 kha ning bitc xa manh budc
song do6. Vi vay, vit den tuyét déi 1a vat ¢ nang suét bic xa manh. [on
the, phan bé nang lugng biic xa clia vat den tuyét doi theo bude séng & mot
nhiét do cho trude la da bigt hdi cong thire Planck:

2nhe?h ?
ehc.-"k'l"l -1

r{xTy=

Trong dé: r (A, T) 1a céng sudt birc ;’i(i_i clia vat den tuyét doi; ¢ = 3.10°
m/s Ja van toc dnh sdng trong chan khéng; h = 6,626.10 > J s 1a hing s6
Planck, k = 1,38054.10 " J/K 12 hang s6 Boltzman.

Nhu vay, vat den tuyét déi ¢6 the bie xa & moi viing budic song, nhiét
d6 dé cong sudt biic xa 16n nhat ing véi bude séng A 1a:

~2,896.10°

(nm) 10° Wher?

(dinh luat Wiens), trong d6 T 1a Néng sudt

nhigt dé tuyét doi (K). bic xa
Trong thuce t&€ khong c¢é vat

den ly tuong nhu dinh nghia

trén. Nguoi ta tao ra vat den

gan ding ly tudng bang céich

ding mét qua cdu réng ¢ mot

16 hd nhé, nung néng & mot

nhiét d6 xdc dinh. Cdc tia sdng

di vao vat qua 16 nho sau nhiéu

lan phin xa hén trong s& bi hip

thu hoan todn va vl cé tinh

chit cia vat den ly tuong. Phin

bo nang suit bic xa theo phd 04 08 10 14 18 nm

clia vat den tuyét déi c6 dang Hinh 2.9, Phén bé nang lrgng bife xa trong

nhu d6 thi hinh 2.9 phd vt den tuyét doi
1 nir M
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Sy phan bé nang lugng theo pho biic xa cla val duge nung néng trong
thue t& ft nhidu khdc véi cong thite Planck. NCu sy phin bé nang luong
(wong d6i trong phé bitc xa clia vat gidng véi vit den tuygt doi ¢ cung nhict
do thi vat goi 12 vat xdm. Cdc vat "xam" ¢é hé s6 hap thy nho hon 1 v
khong phu thude vao bude song. Nhimg vat khong khac nhidu v vat xim,
sir phan bo niang lugng twong déi trong pho bie xa 6 nhigt do T eo thé gan
ding duge mo th biing cong thitc Planck nhung ting véi nhi¢t do khic, goi
12 nhiét dé man Ty, Vat xdm ¢6 nhigt d6 mau bang nhigt do thye. Peé dic
trung cho dé chéi tuyét d6i cha vt bie xa ngudi ta sir dung khdi niém
nhiét dé chdi Te. N6 duge dinh nghia la ahidt dé cua vt den nuyet dii 6
dér chél phd bdng dé chéi phd ctia var cho trade. Nhi¢t do chaéi cta v nho
hon nhiét do thuc va néi chung phu thudce vao bude song. Dol vai vit xam
nhi¢t do chéi khong phu thude vao bude séng (duong nhién dor vai vat den
tuyét déi thi nhiét do chéi, nhiét do miw trang v4i gid tri thue). Trong thye
1€, doi véi phép do nang luong ngudi ta thutng dung dén diy t6c Wolfram
dét nong. '

b) Pén ddy toc Wolfram

Pho bién hon, dé ¢6 ngudn bite xa phan bo lién tyc trén vimg pho rong
ngudi ta ding dén day 1ée dét néng. Tiy theo nhiet do cua day t6e duoge
dot néng ma dén cho bic xa ndm trong vimg pho nao. D¢ ¢6 pha licn we
trong ving kha Kign vk tit ngoai ngudi ta thudng ding diy 1éc Wollram dot.
néng bang dong dién. Nhiét do cua sgi Wolfram ¢6 the dat 2000 — 3000 K.
Vo dén 1am bing thiy tinh dic biét dé co thé truyén qua hic xa kha kien,
mot phan bic xa tir ngoai va héng ngoai tir 320 — 2500nm. Théng thutng,
budc séng manh nhat cia den Wolfram 13 S00nm. Néu vo den duge lam
biang thach anh thi viing bite xa rong hon: 200 — 3000nm. Khi den hoal
dong lau. Wolfram bi boc hoi. D& kéo dai ol the nguoi ta them hoi 1ode
vio trong dén dé tao nén WI,. Cdc phan te W1, khuech tdn dén day t6¢

dén, bo sung lugng Wolfram mat di.

‘Prén bang 2.2 (rinh bay cdc nhi¢t do mau Ty vt nhiét do c¢hdi Te cua
Wolfram. Su bitc xa ciia Wolfram y€u hon gan 2 lan so véi vat den tuydt

doi ¢ cing nhiét do.

40



Bang 2.2. Nhigt dd mau T, va nhiét db chéi T, cia Wolfram.

T (K} TolK} To(K}; (A = 565nm)
1000 1006 966
1200 1210 1149
1400 1414 1330
1600 1619 1509
1800 1825 1648
2000 2033 1857
2200 2242 2026
2400 2452 2192
2600 2663 2356
2800 , 2878 : 2416
3000 3094 2673
3200 3311 2827
3400 3533 2978

¢) Nguon birc xa héng ngoai lién tuc

Dé ¢6 birc xa phd lien tuc trong ving héng ngoai ngudi ta thuong ding
cdc thanh bdn dan dot néng. Pién hinh 12 nguén héng ngoai dung thanh
carbua silic (SiC) dét néng. Khi nung néng dén nhiét do 1300 — 1500K
bang céch cho dong dien chay qua thanh SiC phé bic xa cé thé kéo dai tir
[ = 40um. Trén hinh 2.10 trinh bdy mét nguén héng ngoai cia hang
Newport dang thanh SiC kich thuée 3,8 x 12,7mm dung nguén dien 12V
DC, dong dién tir 1,8 — 2.4A cho pho tir 1,7 — 28um. Nhigt do6 mau vio cd
1273K, cong sudt SO0W. Day 13 mat loal nguén hong ngoat don gidn, khong
dat tién. Trong hop dung thanh SiC ¢ met guong chuan (ruc tao ra chiim
sang 161 ra c6 duong kinh vét ¢& 38mm véi do phan ky 1°. Nguoi ta dong
guong phan xa parabol thay cho thdu kinh vi cdc vit liéu hong ngoai rit dat
va ¢6 d6 truyén qua gidi han. Thay cho SiC ngudi ta con (jflng Zirconi,
Ytri.. (c6 tén la thanh Nemst) duoc nung néng dén 1200 — 2000K trong
khong khi. Pho bic xa clia thanh Nemst tir 0,4 — 20um.
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goc phan
ky 1do
thanh SiC

rong 3,8mm
cao S5mm

~ Hinh 2.10. Ngudn bifc xa héng ngoai dung SiC (model 80007.— Newport)

Ngoai ra, cac den Halogen Wolfram thach anh ciing duoc dung lam
nguén siang héng ngoai manh. Bic xa hong ngoai phdt ra tir day toc dot
néng di qua vo béng dén thach anh bi cit phé trén 3,5um. Khi bi d6t néng
& nhiét do cao, Wolfram bay hoi tir ddy téc bdm vao thanh vo thach anh
ctua dén lam giam'do sdng va thoi gian song cua den. Chdt khi Halogen cé
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tdc dung dua Wolfram bdm trén thanh dén trg vé day téc. Qua trinh nhiét
hoéa nay goi la chu trinh Halogen.

* Hinh 2.11a. Mdt s§ dang den
héng ngoai Halogen Wolfram
v thach anh

AN, ; 8575 Vat den 6383 Pha cla mét s& nguén hong ngoa
{ /')":""“u.a, 2WIR 1273K 140W IR S0 vai pha vat den tuyét doi

m

IRRAGIANCE (v * e

1”2 ) 3 Fal

" 13
Buic song (ke

Hinh 2.11b. Ph6 clia mét s6 nguén héng ngoai lién tuc ciia hang Newport
80030 — nguén hong ngoai dung thanh SiC
QTH, 6580, 6581 — dén Halogen Wolffam thach anh
6575 — thanh Nemst (ceramic)
6363 - IR emitter — ngudn hdng ngoai dang thanh dét nong.

2.2.2. bén phong dién qua chat khi
a) Pdc diém chung

Cdc nguoén sdng nay dua trén su phéng dién qua chat khi & mot dp sudt
. Xdc dinh trong mot 6ng kin. Ban chat bitc xa ctia chat khi trong 6ng phéng
dién lién quan dén nhiing qua trinh co ban sau:
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— Su va cham ctia dién tlr v6i nguyén t& & trang thdi co ban (dan dén
cdc vach cong hudng).

— Su va cham gira céc nguyén tor vdi nhau khi nhiét do Khi cao, dp
suat 1én.

— Su va cham loai hai gilta cdc dién tir va nguyén tu bi kich thich cting
nhu cdc nguyén tir & trang thai siéu bén (dan dén cdc vach khong cong
huong).

— Su hép thu photon ti¥ bén ngodi dé dua nguyén tir khi [&n trang théi
kich thich.

— Su tai hop ctia dién tir va ion (dén dén bitc xa phong lién tuc)

Trong cdc qud trinh nay, 2 qud trinh ddu la co ban, nhitng qud trinh
sau 12 k&l qua cia 2 qud trinh ddu. Tuy nhién, khong phai bao gid cling xay
ra ddy di tit ci cdc qud trinh trén. Chéng han, khi dp sudt khi thip ma xdy
ra phdng dién thi va cham gifta nguyén tr v6i nhau 1a hau nhu khong ¢o,
qué trinh kich thich chit y&u 12 do va cham cia di¢n tir dong ning 1on voi
nguyén tir. Trong trudng hop nay, néu khoang cich 2 dién cue khong lon
lam thi phan 16n bic xa tap trung ¢ cye duong cha dén vi 6 d6 ¢ nhiéu
dién t dong nang 16n.

Khi 4p sudt cao ma xdy ra phong dién thi ¢con cd cdc qud trinh thit cip
khdc xay ra, dé la:

— Va cham giffa cdc nguyén tr vai nhau dan dén cdc vach khong cong
huang.

— Va cham giita nguyén 17 & trang thdi co ban véi nguyén wr ¢ trang
théi kich thich din dé&n lam gidm s6 nguyén t& & mirc cong hudng.

— Va cham loai 2 giita cic dién t vdi cdc nguyén tir kich thich va -

nguyén tlt G mifc siéu bén din dén cdc vach khong cong huong.

— Su td) hop giita dié_‘tn tlr va ion ddn dén bitc xa pho lién tuc.

Nam duwoc ban chat bire xa cua dén phong khi, tay theo muc dich
nghién citu ta ¢é thé chon dén ¢ dp sudl thich hop. Vi du, mudn ¢é bic xa
cong hudng cha thuy ngan (Hg) bude song 254 va 185nm ta dung den Hg
ap sudt thap. Muén ¢ bic xa pho lién tuc trong vang 300 — 400nm ciing
nhu cdc vach 572 va 546nm ta dung dén Hg dp suit cao. Mudn cé bic xa
tr ngoai do chdi 16n ta dung dén Hg 4p sudt siéu cao.
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Ddc trieng Von — Ampe

Sy phu thuge cia higu dién the giita 2 dién cwe dén va cudng do dong
dién qua dén cé dang nhu hinh 2.12a. Néu vi Iy do ndo dé dong dién tang
I&n thi hi¢u dién the s& giam va c6 the din dén ngimg phéng dien.

' De den sdng 6n dinh ngudi ta phdi mic thém mot dién trés didu dong
néi ti€p voi den. Trd didu dong c6 thé 13 mot trd thuan khi diing dién mal
chiéu (h.2.12b) va 1a mot cudn cam (h2.12¢) khi diing dién xoay chiéu, c¢o
tdc dung han ché su thay d6i dong, gii cho hicu dién thé trén den khong déi.

Uivig
—H B

‘g_,,, 11
11
o g I 1
-+ | I

f(A} _ + -

al b) c}

Hinh 2.12. Bac trung Von - Ampe va so d6 mach phong dién

Moi dén phong khi

Muén ¢6 phéng dién qua 6ng khi cin phdi ¢é hicu dién thé di 16n.
Higu dién the t6i thi€u dé gay ra phéng dién goi 12 thd méi. Tuy nhien, khi
den di phéng réi thi chi cdn mot hi¢u dién the thap hon ciing d duy tri
cho den ti€p tuc sang. Nhur vay, mudn dén sdng chi cdn tao nén mot xung
cao the trén 2 cye den va diing mot dién the thap hon dé duy tri dén sdng.
C6 nhiéu cach khéc nhau dé tao ra xung moi den. Duéi day 1a so dé thiét bi
moéi van ning thudng diing va ¢6 thé méi cho nhidu loai dén phéng khi, ké
ca hé quang.

f SN T
T, R
Y Cao thé mai
. F

F )

||
|

c

Hinh 2.13. Sa d6 mach méi van nang

45



Bién the T, tao ra cao thé& nap vio t C. Khi thé trén tu di 16n tu C sé
phéng dign qua 2 dién cuc F tao ra dao dong cao tan cao thé€. Bién thé T,
ting the moét 1an nifa tao ra xung moi cao thé ¢dn thiét. Dung cong hudng
the trong mach LC cling ¢6 thé st dung dé méi dén nhu trong so do hinh 271 2¢.
Cheon théng s6 L,C thich hgp sae cho chi ¢an nhéin chét K trong mach 1.C
s€ xay ra cong hudng, hiéu dién the hai ddu dién cuc tang vot lén lam deén séng.

b) Dén thuy ngdn

beén thiy ngan duge ding phd bién trong cac phong thi nghiém vi né
cho bitc xa don sic, cudng do khd manh trong viing kha kién va tir ngoai.
Phé bitc xa den Hg thay déi nhiéu theo 4p sudt hoi Hg trong dén. V& den
dp suat thdp, ning luong bic xa tap trung vio bude séng 254nm va 185nm.
Khi dp suat tang nang lugng bifc xa chuyén sang ving tir ngoai gén
300 — 400nm cing v6i vach vang 572nm va vach xanh 546nm. Néu 4dp
sudt ti€p tuc tang nita thi do rong cdc vach phé s& ting manh dén hang
chuc Angstrom (A ) vk xudt hién phong lién tuc. Cé thé chia lam 3 loai
den thuy ngan:

~ Dé&n Hg 4p suét thap: 0,01 — ImmHg

— Peén Hg 4p sudt cao: 1 - 3mmHg

— Dén Hg dp sudt siéu cao: vai chuc atm.

Dén Hg dp sudt thdp la mét 6ng thity tinh chia Hg 4p suit ¢& mmkHg
vad mot lugng nhé khi Ar. Hai dién cuc 1am bing day téc kim loai. Dén 6ng
huynh quang chinh la mot dang dén Hg dp sudt thdp véi thanh 6ng thiy
tinh duge phi mot 16p bét huynh quang phét sdng dudi tac dung cha tia tir
ngoal. Thong thutmg den duge nuéi va méi theo so d6 hinh 2.14a,

bBen duge méi bang Starter T, d6 12 mot bau dén nhé chida khi Ne. Mot
cuc lam bang kim loai dé gidn nd déng mach khi bi d&t néng. Khi déng
mach gitta hai cuc cta Starter s&€ ¢ phéng dién hé quang thap hé, lam
néng dién cyc va ndi tat hai dién cuc. Khi dé, day téc dién cuc chinh clia
den Hg duge d6t ndng, phédt xa dién t dén dén phéng dien dé dang qua
den. Khi dén phéng dién thi Starter khong hoat dong nita, dién cuc nguéi
va co lai d€ mach h&. Cudn cam L c6 tic dung diéu dong.

Dén thity ngdn dp sudt cao 1am bang 6ng thach anh chita khi Ar va
vai giot thoy ngan. Khi 1am viée Hg long s€ bién thianh hoi dp sudt @
I = 3-mmHg. Su d6 mac dén Hg &p sudt cao c6 thé ding nhu hinh 2.14b.
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(a) (b)
Hinh 2.14. So dé méac dén thiy ngan

Ban dau khi chét K mé, dién nap cho tu C, (0,003 - 0,005uF) 1am cho
gitra 1 dong M va céc dién cuc dén c6 mot hieu dién thé ion héa chat khi
trong den. Khi déng chét K trong mach L, C, (2 — 3pF) xuit hién cong
hudng the, hi¢u dién the 2 cuc dén ¢d 300 — 600V 1am dén sang. Sau khi
den da sdng ta m& chét K vi khong cén thé cao.

Dén thuy ngdn dp sudt siéu cao c6 ap suit tir 10 — 50atm. Do ap sudt
siéu cao nén hai dién cuc duge b tri gan nhau hon. Ngoai ra con ¢6 thé cé
thém mot dién cuc phu dé ion héa chat khi trong den. So d6 nguyeén ly mic
den Hg dp suat siéu cao trinh bay trén hinh 2.15b.

3 L
VOOB——
K
c -
0,005 yF —u
R
10 -12KOQ

Hinh 2.15. a) Dén thiy ngan ap suét siéu cao;
b) So do nguyén Iy méc dén Hg ap suat siéu cao

47



Hai dién cuc dén duoc duy tri boi mot dién thé cong huéng clia mach
LC. Nhitng phan tr tai dién xuat hién trong dén gilra cuc phu K va cuc
chinh P tao ra mo6t dong dién qua R. Hai dau dién tré R s& ¢6 mot hi¢u dién
th& dat 1én hai cuc K va Q 1am tang ion héa khi trong dén moét lan nita, lam
giam dién tré dén dé den phong dién.

Cic deén thily ngan dp suat cao va siéu cao c¢6 dién cuc gan nhau va st
dung phéng dién hd quang. Anode va cathode lam bang Wolfram. Cathode
Wolfram duoc pha tap thém Th dé ting kha nang bic xa dién tir. Cathode
thudng cé dang nho va nhon dé dam bao dau nhon dat nhiét do cao, birc xa
dién tir hiéu qua. Anode c6 kich thudc to hon dé chiu dung ban phd cla
dién tr va téa nhiét hiéu qua (hinh 2.16). Khoang cich anode — cathode c6
thé tir 0,25 dén vai mm tay theo cong sudt den. Cong sudt cua dén Hg c6
thé tir 50 — 1600W. Dén thuy ngan hé quang c¢é cic cudn day trén mot
hoic ca hai dién cuc dé gitp ich cho viéc tao ho quang (hinh 2.17a).

Trong dén c6 chita mot it khi hi€m va mot luong thuy ngan chinh xac.
Khi d&n phéng dién dp sudt bén trong tang dan tir 12 — 75 bar tuy theo
loai den. Ap sudt cao doi hoi phai hét st cén than khi st dung cdc loai
den nay. ‘

Hinh 2.16. Bién cuc trong dén Hg

hd quang ap suét cao. Cathode co

kich thudc nho han anode.Vo dén

lam bang thach anh c6 dang chiu
dudc ap suét cao.

Pé mé rong viing pho tir tir ngoai, kha kién dén hong ngoai gan nguoi
ta con ché tao dén hé quang Hg — Xe. Den Hg — Xe chita mot hon hop khi
Xe va hoi Hg v6i ty 1¢ t6i vu dé cung cép cdc dac tinh t6t nhat cla ca dén
Xe va den Hg dp sudt siéu cao. Chang han, dén ndy c¢6 phan b6 phé bao
gém phd lién tuc cua Xe tir tir ngoai (UV) dén héng ngoai (IR) va nhing
vach phd manh ctia Hg trong viing tir t&r ngoai dén kha kién. Phé bic xa
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trong vang UV manh hon vé cudng do va do rong vach hep, sic nét hon so
vOi dén Hg dp sudt siéu cao va den Xe. Peén Hg - Xe con ¢6 dic tinh 1a
phdt sdng va sdng lai dugc tic thoi, diéu ma dén Hg 4p sudt siéu cao kho
c6 thé dat dugc. Cdc den Hg — Xe ding Xe & &p sudt trén ap suat khi quyén
lam khi khoi dong va hoat dong véi anode dit & trén (hinh 2.17).

XENON AND
MERCURY
s

+ve

-ve
TEAMINAL T rERMINAL
OPTIONAL
QUARTZ QUARTZ . FSTARTER
BULB ™\ sULB (! WIRE
STARTER \_—CATHODE ANODE
a) . GAS % 4{ b)
- ANODE y CATHODE
we N7
SERcuRY STARTING s

s COIL  xenoN
DROPLETS (WITH MOLYBOENUM
5 SMALL STRIP

AMOUNT CONDUCTORS
OF Hg
+va FOR we
TERMINAL Hg- Xe) T rERMINAL

Hinh2.17. Mt s6 cau tric dén Hg va dén Hg — Xe cuia hiang Newport.
a) Bén hé quang thiy ngan; b) Dén hé quang thiy ngan — Xenon
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¢) Dén Hydro (H,) va Dotéri (D,)

Khi do phé hap thu clia nhiéu chat ngudi ta cin nguén sang c6 pho lién
tuc trong vung tu ngoai. Ben Hydro (hoac Doteri D,, 1a mot trong nhitng
nguén sédng dap tng nhu cau d6. Nguyén ly céu tao cta den Hydro mo ta
trén hinh 2.18a. Day t6¢ den duge dot néng bang mot hiéu dién the dat vao
dau 1 va 2. Sau do dat mot dién dp ¢d 80V vao dau 2 va 3 thi deén phéng
dién qua cuc K va A. Dong dién khoang 300mA. Anh sing tir ngoai duoc
|y ra qua ctra s6 thach anh. Pho dnh sdng phét ra trong ving 180 — 370nm.
Cudng do manh nhit & bude séng 250nm. Den Hydro khong thé cho budce
séng ngan hon 180nm vi clra s6 thach anh khong cho qua biic xa budc séng
ngan hon gi4 tri nay. Tir budc séng 370nm thi den Hydro khong cho phé
lién tuc nita. Pén D, cho pho twong tu dén H, nhung cudng dé manh hon.

;’a t
Ngudn e E'g
dien | = Sk
c) triger | = i Y

500-600 | T LAk ot )

voc | |wiwFe Nguon dong Ngudn
05 W) khong doi dét nong
150V cathode

T

Hinh 2.18. Cau tric bén trong dén D2 va sd dé mach nudi dén
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Trén hinh 2.18b trinh bay cdu tao bén trong cha mot deén D,. Anode ¢é
cdu tric gom bao quanh dé ngan phéng dién ngoai y muén. Cathode 1am
bang dién cuc c6 do ciing cao. Vi dén D, str dung cot phéng dién duong
- ctia phéng dién hé quang nén cathode duoc dét dich sang mot bén va mot
cira s6 duge dat ngay trude anode, thu hep mién phong dién dé nhan duoc
cuong do cao. Khung cira s6 dat giita anode va cathode c6 thé duoc ding
lam dién cuc phu d6i vé6i cdc den thiét k& hoat dong & dién dp thap. Khi
cathode dugc dot di néng sin sang cho phéng dién ho quang, mot dién ap
xung Triger duogc dat vao gitta anode va cathode va phdng dién bt dau.
bién dp moi phéng dieén cho déen D, 30W vao khoang 350 — 400V. Tuy
nhién theo thoi gian 1am vigc, dién 4p méi tang lén, dé ddm bao su phéng
dién cén c6 dién dp méi ¢d 500V (cuc dai 12 650V). Thé méi thay doi tuy
theo phuong phap Triger.

Vidu den L.2D2 (Hamamatsu - Japan) ¢6 dién dp mo6i 500 — 600V. So
d6 nuéi den nhu trén hinh 2.18¢. Nguén dién cung cap cho dén dong dién
khong doi khoidng 300mA ing véi dién dp 150V. Mot nguén dién khac
cong sudt ¢ 10W dung dé d6t néng cathode. Cira s anode c6 dudng
kinh 0,5mm.

A o
cai® o <%
Hinh 2.19. Bén Dotéri model L2D2 (Hamamatsu)

d) Dén Xenon

DéE ¢6 phé birc xa lién tuc, cong suit cao ngudi ta ding dén Xenon
(Xe). Ben Xenon c6 thé cho pho rét rong tir 200 - 2500nm, nghia 1 tix vang tir
ngoai, kha ki€n dén hong ngoai gan. Cong sudt cé thé tir 35 — 10000W.
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Pen Xenon phéng dién hé quang mot chiéu c6 nhiét do mau ~ 5800K, gan
v6i nhiét do mat troi. Khi trong dén ¢6 dp sudt cao c¢6 thé dén 10atm. Den
c6 thé hoat dong & ca ché do xung va lién tuc. Ch€ do xung thudong duoc
diing dé bom quang hoc cho cdc laser ran nhu laser Ruby, Neodim... do cé
bitc xa manh trong viing 400 -~ 500nm. Vi ¢6 phé lién tuc, cudng do manh
kha déu trong viing budc song tir 400 — 700nm nén dén Xe thuong duoc s
dung lam nguén sdng gia mat troi (Solar simulator). Pen Xe khi dé duge
phdi hop v6i mot hé quang hoc gém guong phan xa elip, kinh khuéch tdn,
thau kinh chudn truc va céc kinh loc khac nhau dé tao ra nguén sing géan
giong vaéi dnh sdng tu nhién c¢6 cong suat tir 300 — 1000W. Ben Xe ¢6 hinh
dang khdc nhau tuy theo muc dich st dung. C6 thé hinh xoan, hinh 6ng
thang hay hinh tru nho (hinh 2.20).

Khi hoat dong & ché do phat sdng lién tuc, dén ¢ céu tric gan giong
den Hg 4p suat siéu cao (hinh 2.20a). Ben Xe hoat dong & ché do xung pho
bién ¢6 dang hinh 2.20b. Truong hop dén Xe xung dung bom laser ran thi
cdu tric c6 dang 6ng thang hodc 6ng xoan (Hinh 2.20c).

6258
300 W Xe

a)

Hinh 2.20. Mét s6 dang dén Xenon
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Khoang cdch dién cuc cha dén cé thé thay ddi tir 40mm dén mot mét.
Vo6 dén thudng lam bang thach anh véi dudng kinh ong tr 2 — 30mm.

Dac trung Von — Ampe cha dén cé dang Up = k. \[I_;, trong do
k = 1,3.1/d ty thuoc do dai 1 va dudng kinh d cha den. Doan | tng véi
mién lam viéc cta dén. Doan 2 ung véi tro dong hoc am (dU/dI < 0).

Truong hop dén Xe hoat dong ¢ ché do xung dé bom laser rin thuong duoc
mic theo so dé hinh 2.21.

e{ 1O Den
’ Xenon

Bo
moi

AUV

- @ -
I(A)

Hinh 2.21.Bac trung Von — Ampe va so d6 méc dén Xe & ché do xung

Pho bitc xa clia dén Xe khi phét séng & ché do lien tuc va phét sdng &
ch€ do xung duge minh hoa trén hinh 2.22.
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Hinh 2.22. Phé cta dén Xe ché tao bdi hang Newport
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2.2.3. Pén cathode réng

a) Phong dién dn

Dintg mét ong phong dien dudng kinh | — 10mm, chia khi ¢ dp sudt
vai Torr va dit vao 2 dién cuc mot higu dién the mot chiéu khong nho hon
500 ~ 1000V ta s& quan sdt thay su phéng dién an. Nhiét do trong ong
phéng dién khi d6 chi Idn hon mot chiit nhiét dé thanh éng, va vao khodng
400 — 600K. Né&u guan sat ta s& thdy ong phéng dién sdng khong déu, cé
thé chia 1am cédc viing nhu trén hinh 2.23. Viing (2) gan am circ 1a viing sut
ip cathode gém mién phat sdng 4m cuc (1) vd mién t8i am cuc canh d6 12
viing phét sdng am cta phéng dién an (3). Ti€p dén lai cé mét ving t6i goi
la ving t6i Faraday (4). Cudi cung 1a cét phéng dién duong (5). Trén hinh
2.23 dong thoi cling chi ra phan bg dién the trong su phdéng dién. Gradien
dién the xdy ra lon nhat ¢ ving sut dp cathode. o) vung nay ngudl ta quan
sat thay nhitng vach phé doi hoi ning luong kich thich cao, thude vé céc
vach bitc xa cla kim loai 1am dién cuc. Diéu nay ciling ¢6 nghia Ia nang
lugng dién tr ¢ day 1dn hon ¢ot phéng dién duong. Cot phéng dién duong
kéo dai gin hét chiéu dai ong phdng dicn. Néu éng ngan cét phéng dién
duong c6 thé khong xudt hién. Dién (rudng va nang lugng dién tir trong ¢t
phéng dién duong nhé hon dang ké so vdi viing sut dp cathode. Cédc vach
biic xa ¢ vung ndy tuong tng vdi the niang kich thich thap. Su phéng dién &
cot phéng dién duong chi kich thich nhiimg vach va dai phan tir cha chat
khi chira trong 6ng, thudng 14 khi tro, hoi thily ngan. D¢ ting dé séng cia
den ding cot phéng dién duong nguoi ta ché tao dng phdng dién ¢6 dang
ong mao dan (hinh 2.23b} ¢é t&én goi la ong Geissler.

Dé tranh cac vach bitc xa ciia kim loai lam dién cuc ngudi ta dat dién
cuc 0 ngoai (hinh 2.23¢) va dung phéng dién cao tin tur 10° — 10° Hz.

Hink 2.23, Phan bé dién ap trong phong dién an {a)
va mot s& dang dén phang dién n (b, c}
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b) Dén cathode rong

Trong 6ng phéng dién 4n, néu cathode cé dang hinh tru nho thi véi
mot ty 1& xdc dinh giita do dai ctia né véi dudng kinh va 4p suat khi su phat
sdng s€ tap trung bén trong hinh tru ndy va c6 mot loat tinh chat dac biét.
Dac diém cta phéng dién trong cathode rong la su kich thich manh ctia céc
vach ion va cdc vach vé6i nang lugng kich thich cao. Didu nay 12 do phan bs
dién tir theo nang luong khong dic trung boi ham phan b6 Maxwell. Phan
bé nay c6 dang nhu hinh 2.24c. Mat do dién tir trong phéng dién thuong
khéng 16n va vao khoang 10" - 10'%.cm

Nho t6c do cao cua ion trong cathode réng, céc vach bic xa cua kim
loai lam cathode phat sing khd manh ngay ci khi nhiét do thap. Trong
nhimg diéu kién xédc dinh, do chéi clia ching manh hon ca nhitng vach cta
khi tro dong vai tro hat tai di¢  Nguoi ta ¢6 thé ché tao dén cathode rong
véi cathode lam lanh dé gidm hiéu ting Doppler.

K ECC @ A FE) 4

0,12mmHg

0,6mmHg

0,6mmHg

c)

Hinh 2.24. a) So d6 nguyén ly dén cathode réng;
b) Dén cathode rong; c) Ham phéan bé dién ti theo nang luong
trong dén vdi ap suat khi Argon khac nhau, dong dién 5mA.

Cudng do sdng den cathode rong c6 thé 16n gdp 100 lan cudng do sdng
trong phéng dién an. Ben cathode réng da duoc ché tao véi nhiéu kim loai
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khdc nhau va duoc sir dung nhiéu trong phéan tich phé hép thu nguyén tir.
Miy hap thu nguyén tir ¢6 t6i 66 deén tao boi tat ca cac kim loai ké ca Sb,
B, As va Si. Ngoai ra con c¢6 dén dung hén hop 2 nguyén t6 kim loai nhu
Na - K, Ca — Mg... '
Pén cathode réng cho pho vach T T T

tuong d6i hep cua kim loai lam
cathode. Dé giam do md rong vach
Doppler r}gu'&ri ta ¢6 thé lam lanh  + Yo
cathode bang nito long theo cau tric
dén trén hinh 2.25. Nguon phong dién
mot chiéu DC tao ra dong dién tir 10
— 500mA phéng qua moi trudng khi
tro (4p sudt 1 — 5 Torr) gilta anode
dang vong xuyén va cathode lam bang
kim loai cho trugc. Mot 16 hinh tru c6
d6 sau thich hop (tuy theo kim loai su
dung) véi duong kinh 5Smm  dugc

[—=

Nito 16ng

{ Hinh 2.25, Dén cathode rong c6 dién
khoan vao cathode. Nho phan bo cuc 1am lanh bang nitd 1dng

trudng xung quanh 10, su phong dién

s& thdm sau vao trong 16. Cdc nguyén tir duge phin xa vao mién phéng
dién do su ban phi ion. Cic nguyeén tir nay s& dugc kich thich phat séng
trong phéng dién. Su phét xa dnh sdng manh s& nhan dugc tir 16 hinh tru
nay. Nito 16ng 1am lanh truc ti€p khoi kim loai lam cathode gitdp cho do
m& rong vach Doppler giam manh.

2.3. NGUON SANG LASER

Laser 12 nguon sing trong d6 bifc xa cudng bitc dugc khuéch dai va
phat ra véi su dinh huéng cao. Chir Laser dugc viét tat tir ti€ng Anh: light
amplification by stimulated emission of radiation.

Pic tinh clia chum laser d6 1a dnh sang két hop, cé tinh dinh hudng
cao trong khong gian, do-don sac rit 16n, cuong dé tap trung manh vao mot
viing phé rat hep ctia bic xa. Vi nhitng dac tinh nhu vay nén ngay tir khi
ra doi, laser di dugc dung lam nguén sdng trong quang phé va dan dan
thay thé cdc ngudn sang truyén théng. Ky thuat laser ngay cang phat trién
va hién nay laser c6 thé hoat dong & nhiéu ch& do khac nhau (ch€ do phat
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lién tuc, ché d6 phat xung tir micro gidy dén xung cuc ngin ¢& femto
gidy...), budc séng phat ra phi gan toan bé thang séng quang hoc (tir héng
ngoai, kha ki€n dén tlr ngoa1) va con ¢6 thé diéu hudng duge budc séng
trong moét vung rong.

Laser c¢é theé duge phan loui theo nhidu cdch, hoac theo phuong phép
kich thich laser (kich thich bing phéng di¢n hay quang hoc, héa hoc...),
hoéc thco mai trudng khuéch dai dnh sdng (laser khi, 1dng hay rin), hoac
theo ché do hoat dong hién tue hay xung.

Laser

Laser khi CO,

Laser ban dan

Ga AsiGaAlAs

Laser ran
Nd YAG
Nd:YVO,
Laser ran

Ti- sapphire

Laser ran
Ruby

Laser khi He - Ne

Laser khi nitg

Laser mau

B GTOPH HOCA

InGaAsP/InP

Laser khi ion Argon

Laser hgi dong (Cu)

Bing 2.3 Mot s laser théng dung

Viing pho btrc xa

9600 10600nm

C6 thé lign tuc hodc xung

Cé thé lién tuc hodc xung

Ché dg hoat dong

750 900nm
092 17um
1064nm C6 thé iién tuc hodc xung
708  900nm C6 thé lién tuc hodc xung
694.3nm Xung
632 8nm Lién tuc
454.5nm; 457 9nm; 465 8nm); Lign tuc
472, 7om; 476,5nm: 488 0nm:
496 5nm: 501.7nm; 514,5nm
337nm Xung
510nm: 580nm

300 1300nm

{v&i nhigu chat mau khac nhau)

Xung

Cé thé fién tuc hodic xung




D¢ ti¢én st dung laser nhu 12 mot nguén sdng quang phé, chirg 161 hé
théng mot s6 ngudn laser theo viing buée séng phat tir héng ngoai, kha
kién dén it ngoai ciing v&i ché do hoat dong tuong ing (bang 2.3). D¢ tao
ra cdc ngudn biic xa laser ¢ budc séng thay déi ngoai viéc sit dung cdc
hoat ¢hat ¢6 ving pho bilic xa rong két hgp v6i budng cong hudng thich
hop, ngudi ta con st dung hiéu g quang hoc phi wyén dé nhin tdn s6,
hodc tao ra cdc mdy phat thong s6 quang hoc (OPO}, hoac bd khuéch dai .
thong <6 (OPA)} viv..

2.3.1. Nguyén ly hoat dong laser

a) Moi truong hoat chdt

Chung ta hﬁy"khéo sét mot mo1 trwong cé hal muirc nang lugng | va 2.
S6 nguyén tir trong mot don vi thé tich ndm & mét mide niang luong goi 14

mat dd tich luy cla mdae néng luong d6. Gor mat dé tich lu¥ tuong tng cua
2 mic trén ta N, va N,

E,

o

] 1
N :
NVE T A~ AN |
3 —

F

- 1

Hinh 2.26, Céc qua trinh dich chuyén b xa

Sue bién thién do tich lu§ chia cde mdc ning luwong ¢6 thé gdy nén bdi
cic qud trinh sau:

— Qua trinh bac xa tu phat (& muc 2 xuc“in‘g miuc 1:

(Nodyy = — AN,

Trong dé A dac trung cho xdc sut birc xa tu phét goi la hé s Einstein.

Pai lvong v = 1/A duge goi 1a thdi glan s6ng tu phdt, phu thudc vao
titng dich chuyén biic xa cy the.

— Qui trinh bic xa cudng bie t mac 2 xudng mic 1:

Néu moi trudng duge chi€u 181 séng dién tir tan 6 v ¢é hv = E, — E|
vi trén mie 2 dang ¢é nguyén tu duge tich luy thi sé ¢é mot xdc suat dich

chuyén tir mic 2 xuéng mitc 1 goi 12 dich chuyén birc xa-cudng bic
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(Ns)ep =~ BN,
¢ day B,; [ xdc suat dich chuyén cudng biec: B, =0, F
" Trong dé F 1a mat do dong photon ¢t sOng tdi, o, 1a tiét dién birc xa
cudng bitc.

~ Qué trinh hdp thu | -2

Nguyén tir ¢ trang thdi ! ¢6 thé hap thu nang lugng photon t6i ¢6 tdn
s6 v dé chuyén len trang thdi 2:

N, = - B.N,

Trong d6 By, =g, voi &5 12 tiél dién hép thu phu thudce vao timg
dich chuyén cu thé. Theo Einstein: Gy = Gy = ¢ nghia 4 xdc suit bic xa
cudng bitc va hap thu bang nhau

Gia sl trong moi trudmg nay theo hudng 7, cé mot séng phang don sic
tan s6 v, cudng do ing véi mat do dong photon F truyén qua. Khi d6 bién
thien mat do dong photon dI- qua mot 16p dz cla moéi trudng xdc dinh nhr
sau: '

dif=ol" (N, - Ny dz

O can bang nhiét dong. do tich lu§ mic nang luong tuan theo phan bg

Boltzman:
N, ( E, -E, J
IR CXP . ___::_T.‘._.__
N, k'l

Véik la hang $6 Boltzman, T 13 nhigt do tuyét doi.

Nhu vay, & can bing nhiét dong dé thay rang N, < N, va moi trudmg
hap thu dnh sdng tan s6 v. Tuy nhién, néu ta tao dugce trang thdi khong can
bing nhiét dong sao cho N5 > Ny thi s& ¢6 moi trudng khuéch dai 4nh sang.
Khi d6 ngudt ta noi riang di ao duoc nghich ddo dé tich uy trong moi
trudng va méi trudng cé nghich dao do tich luy duge goi 14 moi 1rong
hoat chat.

b) Buong cong huong

I host chat

—

R Rz

Hinh 2.27. Budng cong hudng Fabry — Perot
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D& bo khuéch dai bién thanh mdy phét cdn phai cé mét lien két phan
héi duong. Mudn vay ngudi ta diit méi truong hoat chit vio mét budng
cong hudng quang hoc ¢ong hudng vdi tan s6 v. Trong laser hoat chéit duoc
dat vao gifra hai guong ¢6 hé s6 phan xa cao, vi du hai guong phing dat
song song d61 dién nhau (budng cong hudng Fabry - Perot) hodc hai
guong ciu dong truc,

Khi dung hai gwong phiing, séng phing truyén theo phuong vuéng géc
vGl guong s& duge phan xa trg lan va duge khuéch dai sau méi 14n di qua
hoat chat. Néu mat trong 2 guong truyén qua mot phan thi cé thé 1dy ra
chum sdng da khuéch dat.

Tuy nhién, su phat lascr chi xdy ra khi thue hién duge diéu kién
ngudng dam bao sy khuéch dai cia moi triedng bi trir duge nhiing mat mat
trong budng céng huong.

Tir biéu thite:

dF = oF(Ns - N} dz = dIF/FF = 6(N, - N))dz
Lay tich phin ta dugc:
_ F/F a0 = cxp [6(N4 — N
vai | 13 d6 dai hoat chat,

Né&u mit mdt frong budng cong hudng giay nén chi do guong phan xa
thi ngudng phit duoc xdc dinh bt dicu kién sau:

Ry R~exp |26 (N, - N[ =1
& day R, R, 1a hé s6 phan xa cua hai guong.

Diéu kién nay chi ra rang nguong phat chi dat duge khi nghich déo do
tich luy (N, — N ) tién dén mot gid tri t&i han ndo d6 goi la 4o nghich dao
16t han. Khi dé cdc photon bite xa tu phat di doc buéng cong huong sé€ dan
dén buc xa cudng biic va bic xa nay duge khuéceh dai thanh tia laser.

Tuy nhién, vai 1rd ciia budng cong hudng khong phai chi 1a dé khuéch
dai nhiéu lan birc xa cudng buc. Vai 1rd chinh cba budng ¢ong hudng 1 tao
nén cdc trang thai xdc dinh cia trudng buc xa (mode cia budng cong
hudng). Trong mdt s budng cong hudng cdu tric trudng duge hinh thanh
sau nhidu 14n phan xa gita 2 guong. O mot s6 budng cong hudng qua trinh
nay xay ra chi sau mot vai lan phan xa.

Néu do tang ich cao, chi can sau mdt 1an bie xa di qua méi truong ¢
nghich dao do tich lay cang du tao nén bie xa cudng bic khuéch dai
{laser). Khi dé laser ¢d thé hoat dong khong can guong (ché d siéu biic xa).
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Dé c6 tia sang két hop, didu cin thiét 12 céc dich chuyén bifc xa ctia
mot s6 16n cdc nguyén 1, phan tir phai duge lién hé véi nhau khéng chi vé
tdn s6 ma ca vé hudng truyén va tinh phan cuc. Ngaymtrong trrdng hop
khéng ding gwong, de ¢ tia laser phdi tao ra moL huéng uu tién. Theo
quan dieém luong tit nhu the ciing 13 da tao ra mot budng "cong hudng".
Buéng céng hudng quang hoc trong laser dam bdo tinh loc lua céc trang

thai photon hay la buéng cong hudng da tdch biét mot s6 trang thdi photon,
trong d6 su phat laser ché ngu. Thuoc tinh két hop cha tia laser (tinh dinh
hudng, don sac, dé phan cyc) phu thuoe vio viéc buong cong hudng dam
bao tinh loc lya cdc trang thii photon nhu the naoe.

c) Cde so do bam

Pé tao ra nghich dio do ich luy ta phai kich thich méi trudng hoat
chat bing cdch nao dé. C6 nhiéu cich khic nhau dé kich thich cic mitc
'nang lugng hoat dong laser, nguwi ta goi chung 12 bom.

Néu chi sir dung 2 miic nang lugng cha moi trudng hoat chat thi khong
thé tao ra nghich dao do tich luy. O can bing nhiét dong mitc 1 duge tich
tu§ nhiéu hon mdc 2 nén su hap thu wvu the hon bitc xa cudng birc. C6 thé
tich Ju§ mic 2 bang cdch chicu vao hoat chat dnh sdng tan s§ v c6 hv = E, - E,
v0i cuong do du 1én. Tuy nhién, khi mat dé tich lu§ 2 mic bang nhau N, = N,
qud trinh hdp thu va biic xa cudng hice bi trir 1an nhau, thi méi trudng s&
tro nén trong suét. Ta chi dat duge sy bio hodt ma khéng ¢6 nghich dao do
tich luy. Nhu vay phai sir dung nhi¢u hon hai mitc. Théng thuomg ngudi ta
st dung 3 hodc 4 mitc v goi 12 cdc so dé bom 3 miic hoac 4 mite (hinh 2.28).

— 3 —
A E ry S
2

; !
Y 0

aj b]

Pt e

Hinh 2.28, So d6 nguyén Iy hoat ddng laser:
a) 8¢ d6 3 murc, b) So dé 4 mirc.
Trong laser hoat dong theo so dé 3 mdc (h.2.28a) bang cdch nio dé
cdc nguyeén 1 duge chuyén (or mie 1 lén mic 3. Moi trudng duge chon sao
cho nguyén tr cua né sau khi duoe kich thich 1én mitc 3 sé& dich chuyén

nhanh vé muite 2. Nhu vay ¢6 the tao duge nghich dao dé tich luy gifra mitc
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2 va 1. Trong laser hoat dong thea so do 4 mie (h.2.28b) cdc nguyén tu
duge dua tir mic co ban 0 1én mide 3. Néu sau dé nguyén it dich chuyén
nhanh vé muc 2 thi gita muc 2 va 1 ¢6 thé cé nghich ddo do tich (uy. Dé
laser hoat dong lién tuc theo so d6 4 muc thi cdc hat sau khi vé mic 1 phai
dugc dich chuyén rdt nhanh vé.mife 0. Trong cd 2 so d6, mire 2 duogc goi 4
mitc laser trén, con muac | goi 1 muc laser dwdi. '

R& rang 13 khéng phai méi trudng nao ciing ¢é cdc miic nang lugng
thoa man cdc yéu cdu trén. Ngudi ta phai chon hodc ché tao ra nhitng chit
¢6 ¢du triic phan td, nguyén wr thich hop. Trong thuc €, cdc hoat chat laser
c6 thé 1am viéc voi nhiéu hon 4 mitc ning lwong nhung ngudi ta ¢d ging

x€p chiing vao mot trong hal so dé bom néi trén.

2.3.2. Cac ché dd hoat dong cua laser

Laser 6 thé lam viéc ¢ ché do phit xung bitc xa hoac phat birc xa lién
tuc. Ch& d6 xung hay lién we trude hét phu thude vao hoat chit sir dung va
sau d6 la do ché do bom. Trong ch& d6 phat xung ciing ¢6 3 ché do goi la
ch& do phdt xung tu do, ch& do diéu bién do pham chat budng cong hudng
(Q — switching) va ché khoéa mode (mode — locking).

J ché’ do phdr xung ne do, xung birc xa laser duge thuc hién trong thoi
gian tdc dung cta xung bom. Trong dé xung buc xa tré so vdi xung bom
mot thoi gian. D6 1a khodng thoi gian cdn thiet dé tao ra nghich déo do tich
luy gita cdc mic ning Jugng trong hoat chal. Thi gian iré nay tuy thuoc
vao tinh chat cia hoat chat, vi du déi véi ruby 13 gan 300us, kinh Nd 1a
200us va tinh the Nd: Y AG 13 50ps. Do dai cue dai clia xung bifc xa laser &
ch& do phét wr do duge xidc dinh tuy theo yéu cau v cé thé dat téi vai
chuc ms.

Tan $6 lap lai cha xung bie xa laser tuy thudce vao y&u té hoat chit va
hiéu qua lam lanh ctia bo phin quang. Dai vai laser ruby va kinh Nd ¢6 thé
nhin dugc tan s6 1ap lai xung t6i chuc Hz, khi duge 1am lanh 16t & laser Nd
YAG thi tan s8 lap lai cao hon, ¢& 500112 Trong khi dé & ch€ do diéu bién
do phdm chat tan s& lap lai ¢6 thé Ia 50 Kilz va & ché d6 mode locking
tdn 58 ¢6 thé tdi vai chue MHz. Viéc tang cong suat birc xa laser ran cé
thé njémg. cao ding ké khi st dung ché do diéu bién d6 pham chat budng
céng hudng.
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O ché do didu bién dé phdm chdt ngudi ta sit dung hiéu iing ngét 4nh
sdng nhd cdc van dién - co. dién - quang, tir - quang va quang — ho4.

Trong thoi gian xung bom 1dc dung néu do pham chat cia budng cong
‘hudng kém (van déng) thi khong thé phit laser trude khi hoat chat duoc
bom day. Khi m& van d¢ do phim chét ctia budng cong hudng tré lai binh
thuong thi buc xa laser méi phdl ra véi nang lugng 16n trong mot khodng
thdi gian rdt ngdn 10 7 - 10 %) nen cong sudt rit cao (10 — 1000 MW).

Ché'do khéa mode (mode - locking)

D¢ tao ra nhimg xung laser cue ngan (¢& femto gidy) ngudi ta sir dung
phuong phap khéa pha cic modce cia laser.

Moi truong khuéch dai dnh sing duge dat trong mét budng cong
hudémg gém hai guong cich nhau mét khoing L. Trong mot bubng cong
hiréng laser nhir vay chi nhitmg tan s6 quang hoc v = q.¢/2L (c — van'téc
dnh sdng trong chéan khong. g li mot 6 nguyén) vi théa man diéu kién
ngudng méi ¢6 thé dao dong vi sau dé phéi laser. M6i mot tin s6 néi trén
gan v6i mot mode doc clia budng cong huong (BCH). Thong thudng bic xa
laser 1a da mode. 56 mode cang nhiéu néu phé bic xa cia hoat chat laser
rong. Trong ché do da mode bién do trudng tao thinh trong BCH la:

N
E= ZAiSin(2?‘[Vi[+¢i),
i
vG3i N 56 mode, ¢, — pha cila mode thit i.

Pha cta cdc mode 12 hoan toan ngdu nhién, khong ¢é mai lién hé nao
gitta pha cla cdc mode doc khdc nhau. Vi vay cudng do laser I ty té véi B2
s€ thang gidng theo thdi gian. Tuy nhién biing c4ch ndo dé 1am cho tat ca
cdc mode doc nay déng pha (ching han ¢; = 0 v&i moi 1) thi cudng dé laser
s¢ khdc di va ta s& thu duge cic xung cue ngin phdt ra & nhimg khoang
cich déu dan. Phuong phip niy goi I s khéa mode theo pha (mode
locking).

Dé don gidn, gid st bing cich ndo dé ta tao ra & thoi diém t = 0 céc
mode ¢6 pha ¢, = 0, va bién do 1 Ey; E; = Egsin(wyt) véi o; = 2nv; = 2ncq/2L;
Aw = 2re/2L = nc/l.. Khi t = 0, bién do t8ng hop E = nEq va dinh hudng
theo truc X clia gian dé véc to (hinh 2.29a).

Sau mGt thoi gian At vecto bidu dién mode thi i s& quay mét gée At.o;.
Higu s6 gdc giita hai vecto dai dién cho hai mode lién ti€p 12 6 = At.Aw véi
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Ao = 21¢/2L = ne/L (hinh 2.29b). Khi 8 = 27/N thi bién d¢ 16ng hop clia
© cdc mode sé bing khong (hinh 2.29¢). Diéu nay bit ddu xay ra sau khodng
thoi gian: At = 8/ Aw = 22/N.Ae» = 21./N.c.

.

t=0.0=0 . \ 1]
X %' oy

NE t = At
aj b) g = Al Ao
th = 2N
! \ At=T=2nlw
c) d)

Hinh 2.29. Nguyén Iy khéa pha cac mode laser (mode tocking)

S& mode N cing nhiéu thi khoang thoi gian At dé bién dé cuc dai gidm
vé ( cang ngan.

Dédng thoi, mdi khi O = 2km thi bign do t6ng hop lai cuc dai bing NE,
{hinh 2.29d) tuong dng véi chu ky la At =T = 0/Aw = 2n/.Aw = 2L/c. Nhu
vay khi cdc mode dong pha, cuong do laser gdm mét dily cdc xung vai chu
ky 2L/c (ding bang th&i gian dnh sdng di lai moét luot trong BCH). D¢ dai
xung At = 2L/N.c = T/N cang ngan khi s6 mode N tang va cuong doé xung
ciing cang cao khi Ncang lén | J,, = (N.EU)EJ,

Vi du trong lascr Ti:Sapphire pho phdt xa cla Tit* rong ~ 400nm véi
BCH dai 2m, vé |y thuyé&t ¢d thé phdt xung ngin (6i 2 femto gidy. Vaéi laser
Nd:YAG do rong phé bic xa cua Nd* * 12 0,4nm din dén do dai xung gidi
han 1a 10ps.

miax

bé thyc hién su dong pha cac mode c6 nhiéu cich khic nhau. C6 thé
chia ra lam ba phirong phdp chinh nhu sau:
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— Khéa pha chit dong (Active made locking)

Trong phuong phdp nay. ngudi ta chu dong dicu bién mat mat coa
BCH vdi tan s6 gan bang = /T = ¢/2L.. Ching han dva vio BCH mot bo
diéu bién quang am nuoi bing mo1 mdy phat RE hoac diéu bi¢n do tang ich
clta moi truomg khuéch dai bing cich bom moi trudng ndy bing mot laser
khéa mode khac.

— Khéa pha bi dong (Passive mode Tocking

Mot moi truong hip thu bio hoa duoe dua vaio BCH dé twr khéa mode
theo pha mi khong cian ¢o surcan thi¢p bén ngoal.

= T khoa mode (Self - locking)

Nh¢ hiéu dng quang hoc phi tuyén (hicu tng Kerr quang hoc) ¢6 thé
tao ra ti hoi tu cla dnh sdng truyén qua hoat chat. Su tr hdi nay chi xdy ra
v6i peak cuong do manh. K&t hop véi vigée dua vao BCH mdt khe hep ta ¢6
thé tao ra mot bo loc khong gian md chi ¢é nhiing peak ¢é cudng d6 manh
m&i duge truyén qua va duoe khudeh dai trong qud trinh di lai trong BCH.
Phuong phdp nay ¢é phim tuong te nhe dua vao BCH mot moi truong hip
thu bao hoa

Ché'do biic xu lien tue

Cic laser ¢6 the biic xa lién we hoac gin lién tuc (véi tan 6 1ap lai 16
hing chuc MHz). Cic luser khi phong dién doc thudng hoat dong 0 ché do
lien tuc nhu laser He -- Ne. laser CO, laser Argon... Ch& do hoat dong lién
tuc & laser ran c¢hi ¢ thé thyc hien duge rén mot sé& moéi trudng hoat chat
nhu tinh thé nhu Nd&YAG ¢ Yurium Aluminum garnet), Nd:YLF
(— Ytrium Lithiom Fluoride), Nd:YVO, (- Yttrium Vanadate) hoic
Ti: Spphire. Day la nhimg moi truong hoat chit ¢é kha ning din nhiér 6t
cho phép bom quang hoc lién tue véi cuong dé manh.

Mot 50 hoat chat, trong 56 dé ¢o Nd:YAG, ¢6 thé hoat dong & ca hai
che do xung va lién tuc. Vi vy co theé ché tao cidc laser hoat dong & ca 2
ché do nhung phat thict k& nguon nuéi thich hop. Sau day 12 mot s6 laser
thong dung dung trong nghién ciiu quang pho hoc.

2.3.3. Mot s6 laser théng dung trong quang ph('.; hoc
a) Laser Argon

Hién nay, laser Argon [a laser ¢d ¢ong sudt phat lién tuc manh nhat &
viing phé kha kién va tir ngoai. Laser Argon ¢é hoat chdt 12 khi jon Ar®
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trong dé mide laser trén duoge tich luy nhd 2 1dn va cham véi dién ti. Lan
tht nhat cdc 1on duge tao thanh 1o nguyén 1o trung hoa, lan thit 2 nhiing ion
nay duge kich thich. Do dé qui trinh bom la qud trinh 2 bac ma hiéu sudt’
cia moi bac ty 1& véi mat do phéng dién I. Nhu vay bom laser khi ion doi
hoi mat do dong 16n.

So dé murc nang lugng coa ion Ar ' duge trinh bay trén hinh 2.30.

Muic laser trén 4p ¢o the duoe tich luy nho 3 qua trinh sau:

— Va cham clla dién 10 visi Ar "6 trang thai co ban {(qud trinh 1).

- Va cham coa dién Ut vé6i cdc fon ¢ mite sidéu bén {qud trinh 2).

— Dich chuyén hirc xa tir céc mice cao hon vé& 4p (qud trinh 3).

Tinh todn cho thdy 16¢ d6 bom nho 3 qud trinh nay déu ty 1€ véi binh

phuong cua mat dé dién tr va do d6 ty 1€ vai binh phuong cua mat dé dong
phong dién.

I
0 %
Lot 2
i P
2 o
Sieu bén | Dich chuyén laser
s g
;
1/
& FAOS
'/ Ap®

Ar' (mue oo ban)

Ar
Hinh 2.30. 5¢ d8 mifc nang lugng laser Argon

Nang lugng ion hod Ar la 15.75¢V, con nang lugng kich thich mic
laser trén 4p tir 3p 1a 20¢V. Thoi gian s0ng cua muc laser trén 4p 1a ~ 1073
trong khi thai gian s6ng cua mic laser dLr(ii 4s duge xac dinh bai dich
chuyen blc xa vé trang thai co bin la ~10 Y. Nhur vay, diéu klen dé tao
nghich dao do tich 1u§ ¢4 the thod man déi véi 2 mice nay.

Cé 9 vach xudt hién trong dich chuyén 4p ~ 4s: 454, 5nm; 457 9nm;
465,8nm; 472.7nm; 476.5nm: 488.0nm; 496, 5nm: 501,7nm va 514,5nm.
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< Vach mau xanh da 03 488mm (Bp"lélpzl)m > 3p4452Pm) manh
nhal véi cudng do ty dot 459 Tiep dé i vach mau xanh 14 cay 514,5mm
(3p*4p'Dyp —>3p*457P,) véi cudng do 1y dai 35%.

Toc do kich thich béi dien 1t cta mie laser trén 4p thip hon t6¢c do
kich thich dién tr cda mirc lascr dudi ¢o 2 1an. Nghich ddo do tich luy dat
duoc nhé mire laser dudi ¢6 1oe do phan rd nhanh hon mac laser trén ¢& 10
lan. Su phan ri cia mire laser trén xay ra chd y&u nhd bite xa tu phat, trong
khi dich chuyén birc xa 4p - 3p 1a bi cam trong gin ding ludng cyc va mitc
nay lai & khd cao so v6i trang thi co ban. Do d6 ¢6 thé ndi nghich déo do
tich luy trong laser Ar duge tao thanh khong phéi chit yéu nhd qud trinh
tich lu§ muc laser trén mi ol véir nhe qud trinh phdn huy mie laser duwai.

So dé ciu trie laser Ar ¢ dang nhu hinh 2.31. Ap suat khi Ar frong
ong phong ¢& vai chue Pa, mat do dong phéng dién ¢ thé 1&n dén hon
1000 Afem®. Do mat do dong dien doi hoi cao, trong ong phéng sé sinh ra
su dich chuyén cdc ton Ar vé phia cathode. D& bit (ric hiéu tng néy, trong
cdu tric 6ng phéng ¢é thém mot ong phy dé dim bdo chu trinh ngugc cla
chat khi. D& ngan sy phéng dien qua Ong nay thi do dai cla né phii 1én
hon d6 dai ciia 6ng phéng chinh.

Hinh 2.31. S db cdu truc laser khi Argon
1 anode: 2 cathode; 3 dngphu: 4 dng phéng;
5 lamignhnuoc 6 W itruang: 7 cira s6 Brewster

Mot trong nhimg vin dé cong nghe quan trong nhal nay sinh do lam
viee ¢ mat do dong cao 1 su phia huy do va cham cta cdc ion véi thanh
ong. D6 mo rong Dopler cha vach biic x4 laser ~ 3500 MHz twong ing véi
nhi¢t d¢ c& 3000K. Diéu nay ¢6 nghia la cdc ion da duoc gia t6c trong dién
truong va trd nén rat "nong"” va dong nang rat Ién. Do vay, 6ng phéng laser
Ar thuong duge 1Am bing g6m Bery (Be;AlLy(Si0,),) chi khong diing thach
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anh va duoce 1am lanh bing nude. V61 dng phdng bing thach anh thtn han
st dung 13 100 gid, v6i ong phong bang gom Bery thaoi han st dung lén dén
1000 - 2000 aio.

Ngodi ra, 6ng phéng con duge dat trong mot tr truong khong dei song
song vai true ong. Lue Lorentz sinh ra trong plasma tip trung cie dién ti
tu do viw tam 6ng. Pidu ndy s& lam gidm 1oc do khuceh tin cua dien nr vio
thanh éng, déng thoi tang (6¢ do bom din dén tang cong sudt phit. Do to
truémg duy tri s phéng dién trong tam ong nén con ¢d tac dung lam giam
sur phé huy thanh ong da ndi téi o (rén.

Cong suft laser taing nhanh khi tang cudng dé dong phong dicn. biéu
niy ¢é duoe 1 do sy bdo hod ¢l qud trinh nghich dao chi tré nén ding ke
khi mal do dong vugt hon mot gid i ma thue t¢ khé dat duge. Qua trinh
nghich dao dé tich luy & day thye ién chit yéu nhd dich chuyén buc xa
4s — 3p (72nm) lam rong mic laser dudi. Sy bao hoa nghich dao xay ra la
do sy tat din bitc xa cua dich chuyén nay. Vi vay laser Argon c6 thé dat
duge cong sudt rit cao & ché do lién e (100 - 150W vai dudng kinh ong
fem). VE 1y thuydt ¢ thé dat t6i hang tram odt. Hién nay, laser Ar la laser
¢ cong suat phit lién tue manh nhat ¢ viing phé kha kién va t ngoai.

Str dung mot ling kinh tén sdc dat trude guong phin xa toan phin hoac
mot lang kinh Littrow cd thé tich cdc bude song trén cho phép nhan duge
ché do phdt mot bude séng. _

Khi cudng d6 dong phéng dién cao ¢o thé nhin duge dich chuyén laser
G cdae jon 2 kin ion hod v cho blic xa phdt ¢ voing 1 ngoai bude song
300 — 386nm vai cong sual ¢d SW.

Cung cdu tric nhu trén, néu thay khi Ar bang Kra ¢6 laser Kr phil
trén mot s6 bude song. Bén canh cde vach mau xanh. ¢o nhiéu vach mau do
(793, 1nm: 752.5am: 676,4nm: 647, 1nm; 568.2Znm; 530.9nm:; 520.8nm;
482 Spm: 472.6nm; 468.0nm: 413.1nm va 406,7n0m), manh nhat 1a budc
song 647 L (man do). Ngoai ra con ¢6 cde vach manh trong yung
ngoai (356.4nm: 350, 7nm: 337.5nm). Trén hinh 2.31 14 céu truc cua mét
laser Ar c6 cong sudt lién tuc 30W, &p suat khi P = 0,2 Torr, dng phong dai
| — 2m, dudng kinh 3mm, lam lanh bing nudc, mat do dong ~ 500A/em”.
Ngudn nuoi dién dp 200 — 400V, cong sudt ~ 10KW.
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- b) Laser Nito

.aser khi N4 12 mé 10n sing tu ai thong d¢ phong
Laser khi N- la mot nguén sing tr ngoal théng dung trong cdc phang

thi nghiém quang - quang phd vi gid thinh tuong d6i thap so véi cic laser

tr ngoai khdc. hoat dong it t6n kém. Dich chuyén bic xa laser N, dugc

thue hién gitta cdc trang thal dicn t& dao dong cha phan tr N5, So do mite

nang lugng dién wr dao dong

duge trinh biy trén hinh 2.32

¢ lien quan (61 hoat dong laser cua phan tu

CThot gian song bie xa tu phat cta mie O

. — - . N : o . ' . k] N -
vio ¢ 40ns trong khi thai gian séng twong tng caa muc B m, viio khoang

tr 5 -~ 8us. Do d6 khong 1thé ¢6 heat domg laser & ché do lién e trén-hai

mace nay. Tuy nhién, néu tich Tug moe C° o, trong mot kKhoang thai gian

2 - - o : : a e e . -3
xung ngin hon 40ns thi ¢d thé 1ao duge nghich dao dé tich oy gifra mie C

w, va BT m, va nhan duge su khuéch dai bie xa cudng birc.

Khi dé c6 thé xem laser N, hoat dong theo ché do 3 mide:
— Mucl: Trang thii co hin X'y +g

= Muce 2 Mic laser dudi B"r{g

-~ Mute 30 Mure laser trén (_7}11“'_

Cic mue  laser  duge
kich thich nho va c¢ham
dién tr trong phong dién
khi. Cic nghién cttu vé tié
dién va cham dién tu doi
v ocde trung thai dign to
cua N- cho thiy uét dién
kKich thich muce jaser (rén
('“';‘Jtu cao hon mie  laser
duéi B, Dién niy duge 1y
2iai boi hguyén Iy Frank —
Condon. Trén hinh 2.32
déng thoi chi ra cic dudng
cong thé nang cho cac trang
thai  C'n, B'n, v
Xll: cia Ny cling van cie
hé ~o Frank - Condon ché
negy toée dé kich thich dién
(o cde trang thdat ndy v cde
xéc suitl dich chuyén quang
héie (trong don vi tuong doi.

The _
nang T,
ey \ / v =10
N
B'x,
v =1
v=10

Kraang cach hat nhan

Hinh 2.32. $¢ d6 mlfc nang Itgng dién tir dao déng

cua phan tir N, lién quan dén hoat déng laser
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I1¢ 56 Irank — Condon cha dich chuyén X' X 1, {(v=0)—> (L"‘nu (v =0)Ién
hon ¢4 10 ldn so v6i dich chuyén Xikfrg (v=10)—> B'{HL, (v =0}

“Diéu nay cong v6i thoi gian xung kich thich ngan s& tao ra nghich dao
do tich luy gita 2 muc ¢ m,{y=0)va B m, (v =0) va dan 161 hoat dong
laser & bitc xa budc song 337nm. Tuy nhién, ngodi dich chuycn laser
337nm ta thay dich chuyén ¢ T, (v =0) > B n, (v = 1) cling cho phép
dian 161 blte xa 357.5nm mace d diéu kieén thige hién nghich dao do tich luy
khong thuin lgn bing do nguyeén ly Frank -+ Condon. Dich chuyén nay xay
ra O dp suat cao va nhi¢t do dién tr Te cao. Ngoiai bie xa trong viing tu
ngoat ndi trén, laser N, con ¢ thé hoat dong & vang héng ngoai aan, 14l
nhién 1a v6i dicu kien kich thich khéc. D6 la dich chuyén B'm, — A™Y"|
cho mot dai budce séng tir 750 — 1250nm.

. YR s
Spark Sap i R 1‘ ~ R
RS R . ;

a} b)

Hinh 2.33. 80 d6 nguyén ly mach phéng dién trong laser N,

Viée thuc hién mot laser nitg phy thude chi yeu vao viée tao ra hé
phong dién thich hop. Co hai so do mach dién thutmg duge ding do 1a
mach Blumiein (hinh 2.332) vaomach tu truyén (hinh 2.33b). Trong ca 2'so
do, bo phong tia dién (spark gup) ddéng vai 1rd mét khod déng md mach
dién ty dong v déu c6 the thay the bang mot dén Thyratron. Cao dp 4y ra
wr 2 may phat xung dién 4p (rén duogc dat vio 2 dién cuc cha éng phéng
taser. Trong ca 2 trudng hop. cao dp 161 ra déu 1a k&1 qua cha dao dong
trong mach di¢n RLC. Nhitng dao dong dién ndly bit ddu khi spark gap 1am
dong mach {phéng dién).

Poi véi mach Blumlein hai tu dién [a giong nhau. Ngay trude hic spark
guap dong mach. di¢n dp trén 2 w duge nap ddy 1a V, trong khi dé dién dp
trén 2 di¢n cuc cha kénh laser gin bang 0. Dién (rd R gitt cho dién dp trén
2 cuc kenh laser bang 0 trong khi cdc tu C,,.C, nap dien. O thoi dism khi
spark gap déng mach, mach dién L.C bao gom w C, va do tv cam Ls cta
spark gap céng Ll cad cac do tw cam ky sinh biat ddu dao dong véi tdn 58
gdn ding bang w = (1. C,) '~
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Lic d6 dién dp trén 6ng laser (U = U(C)) + U(C,)) bat dau dao dong
VoI clng tan s6 nhung bién do c6 thé dat t61 gid tri cuc dai 1a 2V, do nia
chu ky sau di¢n dp trén tu C, déi chiéu.

Trong thue ¢ dién dp trén ong laser s¢ khong dat 16i 2V, vi chit khi
trong ong phéng sé bi danh thung & dién dp thap hon. thong thuong 14 gén
gid tri V. Trong so dé mach tu truyén, khi spark gap dong mach ta ¢6 mot
dao dong dién xdy ra trong mach C,, G, va Ls mic néi ti€p nén tan s6 dao
dong bang o = [L C.C,/(C, + C,)] 2.

Néu C, = C, dién 4p 16i ra cuc dai s€ la V. Hiéu tng tit din do dién
tro ctia spark gap ¢6 4nh hudng manh hon dé6i v6i mach tu truyén vi tat ca
céc dién tich du triv trong tu dién C, déu phai truyén qua spark gap. Dé bu
trr mat mat nang luong trén spark g:dp nguoi ta phai chon C, > C,.

Néu dp sudt trong 6ng laser vao khoang tir 20 — 100 Torr thi dién dp
trén ong laser dat gid tri cuc dai vao ¢& V, d6i v6i mdy phat Blumlein va
vao ¢ V /2 d6i v6i mach tu truyén, sau dé giam nhanh vi phéng dlcn trong
ong tao ra mot plasma din dién cao. Diéu nay duoc minh hoa trén hinh 2.34.

20KV . _ R

. .-~ Xungdien ap

A/’/T\\\\
F A
‘ /{ ..... - C\
' ' ans
o~ E L
/’f : Xung laser
l LT
o

——t— 20ns
Hinh 2.34. Dién bién phong dién laser

Hau hét céc laser nito thong dung hién nay la laser nito phéng dién
ngang ¢6 thé hoat dong v6i ap suat khi tir vai chuc Torr cho t6i dp suat khi
quyén (TEA - N, Laser). Nhitg laser nito nay c¢é cdu tric bom kha don
gian, do dai xung ¢d vai ns dén chuc ns, tan s6 lap lai cao, c¢6 bitc Xa tu
ngoai (337,1nm) rat thich hop cho viéc bom laser mau.

Trén hinh 2.35 1a so dé mot laser nito phéng dién ngdng hoat déng ¢
dp suat 100 Torr phéng dién nho mach Blumlein cho xung khoang 10ns véi
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tin 56 1ap lai tir 10 — 10012z, Nang hrong xung c6 the 1&i val mili jun twong
g véi cong sudt dinh 161 IMW . Khi nita duge Juu chuyén qua éng phong
Ao ol bom chan khong. Laser nitg co do ting ich cao aén mite ¢6 thé
nhin duoce tia laser khong cin guong budng cong hudng (che do laser sicy,
bace xa). .
Thong thudng, mot guong phan xa toan phian duge dat o mor dan coa
ang phong dién nito v mot cia 56 ¢d do truyén qua cao duge dat ¢ it déi
dien. Do phan k¥ cia laser nito wong doi cao. tiy thude vao cau hinh kénh
phong dicn, vio od 10 mrad. Laser Excimer ciing e cau e teong weonhu

laser nita. Phan G hai nguycn (b hich thich duoge goi Ly phan arexcimer.

Bien cie
Trigger
Cuasd

N ant
o / -
" Llong ., b -

100% ; — it L AL T T ] __[

| T [ — 1

._4‘ - e —— ____._ S — — | —
1
It 1 ~L
8_cr-'n .h?'_ ‘ P—
chan knéng

Hinh 2.35. 50 do laser nitd phong dién ngang

Phién hinh 1 ede phan wphan tr Krl hode XeCl duoe dimg Tam boal
chat trong laser excimer. Ciac phan e nay duoe tao thanh o tang thin kich
thich nhé sy phong dien nhanh treng hoén hop khi trova 1, hoige HCT i
didm cla cde phan tr excimer 13 khong ¢6 trang thdi co ban ben viing trong
khi trang thii kich thich 60 i v6i thoi gian séng nedn. So"do muie nang
lugng cla laser exciner v cde bude song phat doi véi cde phan wrexcimer
Khic nhau duoe trinh by trén hinh 2.36. Vi khong 1on tar trang thii co bin
nén cde phan W excimer tao nén moi truong hoat chdt Laser hoan hao vai
nghich dao dé tich Ty wr dong mdi ki mot phin w duoe 1o thimh. Cic
vach ht'l'c xa aser chinh Ta 24%mn (Kl 308mm i XeCly vi 19 3nm (Al )
Ning fuong xung ¢6 thé 161 himg tram mill — jun v cong sudl trung bimh
t6i 1OOW. Bie xa 308nm cha laser excimer XeCl rat thich hop dé bom
Laser mau.
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Hinf 2.36. 8¢ dé muc nang ludng ciia laser excimer
va cac bude séng phat clia mat s phan t excimer

¢) Laser Neodym

Mot trong nhitng laser ran duge sirdung rong ridi nhat hién nay 1a laser
Nd:YAG, vong do hoat chat 13 tinh (hé Yurium Aleminium Garnet
(Y 3AL0)5) ¢o pha tap cdc ion Nd* i 1am hoat chat phdt faser manh &
budc séng 1064 2nm. Laser Nd' YAG ¢6 ngudng kich thich khid thap. do
din nhiét cao cho phép phit ¢ che do tan xung 56 cao v ¢h do phdt licn
tue. Hhcu suat cia faser ndy khd cao vao ¢F vii phin trant. Trong che do
hoat dong Lien tue, dé tang do dan nhiét ngusi ta con hay dung tinh 1he
NEYVO, (Neodymium Yirium Vanadate) phat bic xa laser bude séng
[064nrm hoac tinh (he Nd:Lj Iy INYLE) plit Laser ¢ bude song 1053nm.
Lam hout chat vong c¢de truomg hop nay van laion Nd', '

S0 d6 miie nang luong clia ton Neodymium Nd** trong tinh thé Garnet
duge chi ra trén hinh 2.37.

Mo mot dat niing luong tng voi mol nhém cde mic rit gan nhau auat
hien do su tdch mire trong dién trudmg cha mang tinh thé gamelt (hiéu dang
Stark). Nh& bom cie ion Nd chuyén tir trang thii co bian ing vai mirc nang
lrong 41%.-2 I¢n 3 nhom mide ning Juong A, Bva C.

Nhom A dmg véi cde mide ning luong 4]“”_1 Vil 45_‘_:..3. Nhém B ing vai
cic miie nang leong 'Ll-'_i;..j va -1, 2 vanhom Cing von mie nang luong 4]-‘3_.,-3_

Nhimg nhém nang huong nity dng véi 3 dim trong phé hiap thu ¢t ion
Nd trong garnet. Cau (nice pho hip thu phin duh su dch nge ning lugnge
boi hi¢u dng Stark. |
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Hinh 2.37. a) ¢ 46 muc nang ugng cda ion Nd trong tinh thé Nd:YAG
b) Ba nhém phd hip thu cta ion Nd; c) Pho buc xa ca ion Nd.

Mute ning fugng ' 3o 1 rmr(, laver ln,n (ac. mn Nd ¢6 the dich chuycn
bic xa 1 mic ndy vé cde mie l,m, lgp, [Hf% l,.-m v glal phono nang
lugng. Phan 16n ning lugng niy (60 %) tap trung vao dich chuyén ' > lwf, .

Muc nang luong I1m duoce xem 1 muic laser duol.

‘Irén hinh 2.34b chi ra phé phét xa ctia Nd trong Garnel dai vai dich
chuyén I:%.-*I 5 Iy n- Phé nay gém 7 vach trong d6 vach tmg vGi 1,0615um
vii 1,0642um 1a sang nhat, Néu k€ (61 cde dich chuyén khic 1ong cong.
¢6 160 18 vach phat xa. Y&u nhdt la vach 1,833um dng vai dich chuyén
41"‘;, > J‘I,ﬁx

Mol cich don gidn ¢6 thé xem laser Nd:YAG hoat dong theo s do 4
mutte, trong d6 mic co ban la mue 1, g v mite kich thich la cde miuc I 7
'll"_.-“,-j, Cha y rang dich chuyén I¥ > 1 ia bi cam theo gan ding ludng cyc vi
s lrong W qui dao thay doi ta 3 trong dich chuyén nlty. Nhu vy cde trang
thdi Gng véi cde mie niang lugng F ed the xem 1 sidu bén.

pen Krypton thutmg duge dung d¢ bom laser NdiYAG. Trong v
truomg hop ion Chromium duge dua vio mang tinh thé garnet am chdl
nhay hod va khi do den Xenon duge ding dé bom vi ion Cr troug gamet co
cie dai hap thy 0.43umvi 0.59um trung hop vl pho bic xa cha din
Xenon. Cie ion Cr duge kich thich s& truyén ning luong kich thich cua 1o
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cho cde tam hoat chat Nd. Thai gian truyén nang luong tir Cr sang Nd kha
dal (¢0 6ms) nén viée tng dung giai phip lam ting hicu qud bom nay chi
thich hop déi vai ¢hé do hoat déng lién tue.

MOt vi du ve laser ran hoat dong & ¢hd do diéu bicn do phim chat 1
laser Merhin (hing Spectra Physics). Thanh hoat chdt 13 tinh the Ne:Lj )
(N YLI) phat laser & bude song 1053nm.

Do din nhigt wong déi cao ctia Nd:YLF cho phép t4i nhiet ra ngoil
hicu qua. Thanh hoat chat N&:YLIF vii den hé quang Krypton dat tat cic
ti¢u di¢m ¢t hop phin xa frong dau laser vii duoe im lanh biang nude nho
h¢ thong Lam lanh khép kin thinh 2.38)

Laser hoat dong & ¢h& do Q - switching nho mot bo didu bicn quang,
am. MOt song sicu am tao boi bicn wr dp dién duoc phéng viao khoi vit licu
quang hoc trong sudt (silic nong chay). Séng dimg sié¢u am hinh thanh do
phan xa trén hai mit bén lam didu bién chigl suat {higu ting quang dan hai}
vit 1ao ra mot cdch i pha. Trong thoi gian ngan khi cdach (& hinh thanh. dnh
sdng fruyen gua xS bi nhidu xa 1éch khoi rye quantg hoc., tang cudng mat
mat BCH. Khiy ngat dign dp trén bidn i ip dien, song sicu am mat, khoi vi
licu tras Lai trong suot véi BCH 4o phim chal cao. Ky thuit Q  switching
nay cho phép tao ra cic xung laser do did 250ns véi 1an »6 Fap Lyl toe JKHz
den SKHy, nang lugng xung 10m)J.

Dé chuyén doi bude séng sang vimg kha kién hoic ngian hon ngudi ta
dimg tinh thé¢ phi wyén LBO (Lllhllml triboratc) dat trong budng cong
huong. Guong cia BCH phitn xa 100% bic xa 14n <6 co ban v ruyen qua
bire xa tin s6 hoa ba bac hai. Nho vy hiéu sudt nhan doi tin <6 160, Tinh
the LBO 1d mot tinh thé phi tuyén logi méi. truyén t6t qua ving tr ngoai.
ngudng phd hiy quang hoc rat cao vd he s6 quang hoc phi tuyén vira phai,
dam bdo cho laser hoat dong én dinh. Tinh ludng chi¢t cha tinly thé 1.LBO
nho, ¢6 thé phit hop pha khong 161 han va goc m& doi véi hicu Gng nhan
doi tan s¢ lon ‘Finh thé phi tuyén nay duac 1am lanb vi On nhigt ¢ nhiat do
140 - 160"C. Fia laser 167 ra co bude song la 527nm.

Hi¢n nay v6i su phat trien ngly ciang nhanh chong cua k¥ thudt laser.
ngudl ta di ¢hé tao duge cic hé laser diode cong sudt manh dong dé bom
laser Neodyni v6i hicu sual cao thay cho cic dén Krypton v Xenon

Mot vi du dig¢n hinh cha laser rin licy tue, bom bing laser diode 1o he
laser Millennia (hing Spectra - Physics).
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Hinh 2.38. 86 d8 laser Nd:YLF

Thanh hoat c¢hit laser 1A tinh thé Nd:YVQO, (Neodymium  Ytrium
Vanadate). Tam hoat chat 1a ion Nd™* ¢6 dat hap thu trong ving do vir hong
ngoai, trong dé ¢6 mot cue dai hip thu ¢ bude song triing v bire xa laser
diode (~ 820m). Dicu niy dém bao viée bom quang hoe hicu sudt cao bing
laser. Bicn wrduoe kich thich chuyén nhanh vé muic 41, 5 (mic laser trén)
vit ¢é thdi gian song & mic nay khi lan (~60ps). Dich chuyén laser xide
sudt 1én nhat 42 dich chuy<’§n veé mic 41 » (muc laser duon) va bire xa bude
song 1064nm.

Vi dign (e & tring thili nay hér phue nhanh vé trang (hii co han nén de
dang tao duge nghich dao do tich iy

Pé bom quang hoe moi trudmg hoat ¢hit Nd:Y VO, ngudi ta di ehe liio
ciic thanh laser diode gém w10 dén 20 diode faser, ¢ong suil cda mio;
thanh taser 20W. Bie xa 161 ra tir thanh laser diode duge chuan trye boi
mot vi thiu kinh tru gan & dédu thanh 161 ghép nét vio mot bo sgi quang da
mode din téi tinh thé Nd:YVQ,. B6 soi quang gém nhicu soi quang ¢o
dudng kinh téng cong 1 — 1,5¢m, ¢6 h¢ s¢ ghép ndi té 90% - Tinh the duge
bom tir hai dau boi hai thanh laser diede lién tue cong sudt 20W.

Bure xa laser phit ra tir tinh the ¢6 bude séng 1064nm ~& dige bich Joi
sang viing Mt Kicn 532nm nho hico Gng phdt hoa ba bic b trong tinh thé
phi tuydn LBO. Day i tinh (h¢ phi tuyn ¢é < phit hgp pha khong 16 han.

tin co ban va hoa ba bac hai dong truc gitip didu chinh thing hang dé ding.
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Flicu suat bicn doi tdn 86 ¢ the 161 uu bing thay doi nhiét do tinh the. Vai
cdu hinh nay b taser Millenia ¢é thé cho cong sudt phdt 11én tye (0 5 dén
TOW o bude séng 532nm (xanh) véi he Fam lanh don gian hon nhicu so véi
laser Argon ¢d cling cong sudl. Tia laser 161 ra phan cuc thing véi do phan

cuc 10011, duong kinh vét 2mm, gdée phan ky nhé hon 0.5mrad.

Photodicde

Quay cuc

[} g

Telescope 532nm LB

Guong

Guang

Guang
Ba s cuarg nd:
w0 iaser daude

Hinh 2.39. 50 dé quang hoc clia laser Millenia

d) Laser mau

Chit maw 12 ¢de hop chat hitu co phie tap gém mot hé thong cic licn
Kt hien hop co phan nhédnh. Ciae chat mau ¢o dai hip thy manh trong vimg
Kha kien vivur ngown gan. Cau wiic hoid hou cta ching duoe die trang bt 16
hop cic vong benzene, vong pyridine, vong azine, vong pyrol v.v... Cic chdl
miau phat quang manh nhat duge phan lam & loai sau: xanthenes, polymethines.
oxazines, coumarins, anthracenes, acridines, azines vi phthalocyanines.

Mot vi du di¢n hinh 13 Rhodamine 6G (thude nhém xanthenes). Cong
thire cdu trie dua trén cie vong benzene durge chi ra trén hinh 2400, Vi 1
chiit mau nhom xanthenes nén Rhodamine 6G hilp thy vi bie xa dnh sdng

trong sang pho khia ki¢n. ‘I'rén hink 2.40b, dutmg 1 la phé hap thu vi
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dudng 2 1 pho phdt quang ciia Rhodamine 6G. Dl bie xa cia chal miu
nay nam trong khoang 550 -- 600nm. '

1
C, H, HN o NHC, HeCl™ 2

CH.
____t__.__...+ et ....__+_._..____...___

450 500 550 600nm

a) b)
Hinh 2.40. Pho phat quang cda phan tir Rhodamine 6G

Cho dén nay ¢é 131 200 chat mau khde nhaw di duge s dung lam hoat
chat laser miu. Dii bude séng cua nhimg ¢chiit mau ndy trong micn 200
F300mn. Bang cich chon chatmiu thich hop ta ¢d thé ¢é bire xa laser b
song bal ky trong mién pho ndy. Cde dung maoi thudng duge su dung dé
pha chit mau la nude, ethanol, methanol, xycloetan, toluene, glycerine,
benzene, acclone...

biang cha y la d9 rong dar phat quang cta chdt mau Ia rdt rong., co
10nm trong khi do rong vach phat laser ral hep, chi ¢ 0. 1nm hoic ¢6 the
nho hon. Bude song phit laser ¢6 thé thay doi lién e trong gidi han dai
phat quang clu chit mau st dung. |

Phan 10 chial miu ¢¢ ciu tric phic tap gom nhidu nguyén ur va do dé
s& ¢6 mot 6 16n trang thai dién tir dao dong quay. Khé ¢é thé vE diy da vi
chinh xdc cde mie nang lugng ctia né. Tuy nhién, dé khio sdt qud trinh tao
nghich dde do tich u§ ¢6 thé st dung so dé miie nang lugng don gidn hod
nhu trén hinh 2,41 Hinh 2.41 mo (& 5 trang thdl niing luegng dico - dao
dong - quay diu tién cua phan wre chat mau Sy, S;. S, T, 15 von 5, 1 trung
thidi o ban. Kbi nhan nang lugng photon (tr bén ngodd chidu 1Gi (nhd bom
gquang hoc) mot dieén tir eaa phin ta dige kich thich én mide cao hon. Néu
spin ctta dién & niy van gitr d6i song véi dién (0 con lai cuu phan (r thi
trang thai dién nr.méi nay ¢4 spin 6ng cong bing 0 vi duge got 1a trang

thiai don (singlet), ky higu bang chix S,
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Ngugce lai, néu sy kich thich dén t6i 1am dao spin, 1am cho spin cta
dién tr dugc kich thich song song véi dién tr con lai cha phan tur thi khi do
trang thdi di¢n (r mdi nay c6 spin t1ong cong biang 1 va duoc goi la trang
thai boi ba (triplet), ky hi¢u bang chit T,. C6 nhiéu trang thai don va boi ba
ing voi cdc kich thich dién tlr khdc nhau. Nhitng dich chuyén don — boi ba
dan t6i lam dao spin dién tir nén c¢é xdc sudt thip hon céc dich chuyén
don — don (S - S) va boi ba — boi ba (T - T).

Trén hinh 2.41, cdc mii tén thang chi cdc dich chuyén quang hoc, mii
tén 16n chi dich chuyén laser, va miii tén uon luon chi dich chuyén khong
quang hoc. Nho bom quang hoc, phan tir duge kich thich tir trang théi co
ban S, 1én trang thai S,. Phan tr sau khi duoc kich thich s& hoi phuc rat
nhanh vé mic dao dong thap hon cua trang thai dién tu S, (trong khoang
thoi gian ¢ 10 ''s) bing céch truyén nang lugng du cho dung moi. Nhu
vay c6 thé tao ra nghich ddo do tich luy giita miic nang luong dao dong
thap cua trang théi dién tir S, v6i mic nang lugng dao dong cao cla trang
thidi dién tir co ban S,

Doi v6i nhing tan s6 v < v, (véi v, 1a tin s6 Gng véi dich chuyén giita
2 trang thdi di¢n 1, v = 0) dich chuyén laser xay ra ngay ca khi mat do tich
luy muc S; thap hon mic S,.-
Tur do suy ra ring cuc dai
cia dai pho laser dich
chuyén vé phia séng dai cla
pho huynh quang chit mau. R

S,

i

i

Il

Néu bom manh (tang d6 ¢
tich luy muc laser trén) thi =
dai phd laser s& dich vé phia H

song ngan gan vai vi tri va
dang cta pho huynh quang
chit mau.

Tuy nhién con ¢6 nhiéu
quéa trinh khdc anh hudng
dén viéc tao thanh nghich %
ddo do tich luy. Tu trang
thdi §, (muc laser trén) c6 3
dich chuyén canh tranh véi Hinh 2.41. Cac mic nang ludng
dich chuyén lascr: cua phan tir chat mau

AT
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Dich chuyén §; -» Ss lien quan tdi sy hip thu phu biic xa bom
- Dich chuyén khong bire xa S, -» S, (chuyén doi noi)
Dich chuycn khong biie xa S; - Fy {chuydn doi don boi ba)

Sau dich chuyén S, > T, ¢6 thé xay ra hap thu phy bie xa boim din 16
dich chuyén I, = I (hdp thu boi ba - boi ba). Ngolu ra cic dich chuyén
bic xa va khong blic xa T; = S, cling ¢ thé xdy ra. Nhu vy cdce dich
chuyén S, - S.va T, -» T lam hao phi ndng Iuong bom. Cic dich chuyén
khong bire xa S, -» Sy vd cde dich chuyén §; - T —> S, 1am gidm <6 phin
tir duge kich thich. HE trdnh anh hudng coa hap thu T, - T, c6 the dimg
bom nhanh v manh sao cho dat duge ngudng phat trude khi ¢d dé tich fuy
ding k& cua mitte T (tang do doc mit xung kich thich). Noi chinh xdc hon
I thoi gian dat ngudng phdt phai ngan hon thed gian s6ng coa nuie 1) (¢
10 “s). Laser mau s& phat khi bom bang nhiing xung manh v ngin. Cling
¢6 thé 1im giam anh hudng cla mie triplet T, bang cich thém vio dung
dich chil mau nhimg chat phu dac bigt - cdn goi 14 chilt 1at tang thi T
Nhitng chat nay lam tang xdc suft dich chuyén Ty - > S, giam dé tich luy
mitce T, Trong mot s6 trudng hop dimg chat tat ¢d the lam chat mau phit o
ch& do hién tue. Cde chat tan hieu qua nhit 13 O., Cy Hg v Cpy a0 Tuy
nhicn, néu néng do chidl 1at qud 1dn s€ ¢6 tie dung nguge lai vi no ¢o the
lam gifim thén gian song cla mic laser trén.

P¢ tranh anh hudng cia hap thu T - T ngudi ta bom laser miu bang
cde laser xung ngdn ¢ 3 20ns, Khi do danh huong cba mide (riplet ¢6 the
bo qua v cdc tinh dn ¢6 the dua trén so d6 2 mie. Nhitng laser thuong
ding T

- Laser Ruby (budc séng = 694nm va hod ba bic 2 voi & = 347nm)

— l.aser Neodym (hoi ba bie 2 vai & = 530nm, bac 3 vér 4 = 353um)

- Laser N (hude song & = 337nm).

Cong suat cha cde laser nay trong khoang tir vai Kilo odl (kW) dén vai
chuc mega oit EMW), trong khi mat do ning luong ngudng cian hiet [a 0.6 -
600K W/cm™ tuy theo chit mau khdc nhau

1i¢u sudl bom laser miu bang laser xung rat 1on, ¢& vai chuc % Cuc
dai 12 75% doi véi chil miu Rhodamine 6G khi bom bing hoa ba bic 2
cta laser Neodym (530nm). Dai pho laser mau khi bom bang laser trong
viang 340 1100nm.

80



Cé (he kich thich laser mau theo hai so do nguyén tac: Bom ngang (hinh
2.422) v& bom doc (hinh 2.42b).

Hinh 2.42. 3d d6 bom ngang va bam doc

Trong di¢u kién kich thich nhu nhau, thi hi¢u sudt cda 2 <o dé 1a nhu
nhau. Sy khde nhau 1a & tinh phan cuc cha bic xa laser 161 ra. Véi so dé
bom doc. khi bom bang laser phan cyc thang thi bite xa laser miu phan cue
hoan toan. Véi so dé bom ngang, mite dé phan cuc phu thudc vao gée gitta
veeto dién cla bire xa bom va quang trae clia budng cong hudng laser mau.
Sut phan cuc hoan toan chi xay ra khi vecto dién cha bic xa bom vuong poc
vai quang truc cag budng ¢ong huong laser mau.

Nong do va do day 16p dung dich phai chon sao cho céng sudt kich
thich 1a gan nhw nhau trén toan ba thé tich cuvét. Pidu nay s& lam giam doé
md rong chim tia. Nong do chét mau thuong chon 1a 107 mol/l.

Néu nhu chit mau duge luan chuyén nhanh thi tan s6 lap la1 coa laser
mau chi con phu thude vio tin s6 cha laser bam.

Laser mau khi khéng ¢6 y&u 18 loc lya (nhu lang kinh. cdch 1(7...) thi
birc xa phit ¢ pho rong khoang 5 - 20nm (ché do bang rong). O cic chat
mau phd huynh quang bi phit mot phin béi dai hap thu nén phé phit khong
tring voi cue dai cia pho huynh quang ma dich chuyén vé phia séng dai
Bude song trung binh clia dai pho phat phu thude vao nong déo chdt miu, hé
50 phan xa guong, kich thude dai 16p hoat chat va do dai trye budng cong
huong. Vi trf cue dai cha phoé phit cia mot s6 chal miu con phu thuge vio

nhi¢t do dung dich. Bing cach thay déi céc y&u t6 trén ¢é the thay doi vi tri
dai phd phat clia laser miw.

D¢ ¢ the Tam hep pho bue xa laser . dong thai ¢o thé tinh chinh budce
song phdt ngudi ta dua vio budng cong huong nhimg y&u 16 loc lva nhu:
loc sdng, giao thoa k€ song phang vi dang ném, lang kinh tdn sic. cich 1
nhidu xa...
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Khi do do rong vach phé phit gidm t6i 0,05 — Inm. To hop cic y€u (8
toe lua cho phép nhan duge do réng phé 10 10 . Viée dua vao cdc
v€i 16 loc lua khong lam mat mdt ding k¢ nang fuong phit ma lai ¢6 tdc
dung faum tang manh mat dé ning lugng pho.

Trén hinh 2.43 (finh by mot 56 so do laser miu ¢éd bude séng dicu
chinh duge.

Mot trong nhitng dac tinh quan trong cta laser mau 1d kha ning dicu
chinh budc séng phit. Viéc lua chon hop ly chiit mau, dung moi hoac thay
doi do pham chat Q cta budng cong hwdng li bude diu tao ra nhitng viing
phd bude song phit khdc nhau. Sau dé de tinh chinh bude song phdt phii
s dung cae yeu 1o koe hua trén.

Laser bom

—-

/ Telescope
Cacn tor Littrow T
diéJ hudng budc séng

‘ Cuvet chat mau

Hink 2.43, Mdt s6 so 46 laser mau diéu hueng bude song

Trweomg hop diing cach w, cudng do anh sing phan xa (r cach ur phy
thuoe vio e (61 1, gée nhidu xa r. Gid st bude séng L k. hing 56 céch
[a d thi hicu quang trinh Gng véi cudng dg cue dai la:

S=disii +sinry= ki voir k=0,1,2.3..

Khii=rtaco2dsini=ki Vi k=1 (phé nhiu xa bic mot) ta ¢éd
sin i = ki/2d.
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Céch 1 str dung v6i bg i nhu vay (b6 ti Litirow) ¢6 hé <& phan xa
cao 80 - 90%. Nhi quay cdch e tinh chinh gée i ta ¢6 the thay do1 bude
song phat.

Mot vii dy dicn hinh vé laser min diéu hudng Len tuc bude song i he
laser mau FL. — 3002 cia hiing Lambda Physics (Germany). So dé quang
hoc cua he laser mdy duge trinh bay trén hinh 2.44. Cich H600vach/mm
¢6 thé quay gifra cdc goc Littrow 42.5" vi 72.5", ding véi bac tir 2 dén K.
He lang kinh md rong chum tia gém 5 lang kinh nhod. H¢ guong cuoi BCI)
gom 3 ldp dign moi tich bi¢t, ¢o h¢ s6 phan xa 100% ldn uot véi 3 vimg
budc song: 610 - 860nm; 420 - 650nm v 320 — 450nm. Gid guong ¢d he
x& dich cho phép dé dang chon viing bude séng.

HE laser duge bom bang laser xcimer XeCl buée song 308nm, ning
“luong xung 16n hon 100md, dé rong xung 6 - 8ns, vl tan s lap ai tr v
Hz dén 2501z Cong suat xung laser mau ¢6 thé (&i 20MW 0y thude chit

mau su dung. Do cong bang hep 0,005nm.

Cham laser bom tang

Chum laser bom Khugch dai chinh

tang maol va hai
Hé 1ang kinh ma
rong cham tia __". Thau kinh try ]

% D

Telescope D

by

Guong cugi  Cuvet vai chat mau
BCH an chuyén

Cach tor

Cuvet véi chit mau
luan chuyén

Hink 2.44, 80 dé quang hoc laser mau FL — 3002 (Lambda — Physics)
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Chuong 3
CAC LINH KIEN QUANG HOC

3.1. LANG KINH

Mot chum énh séng tring di qua mot lang kinh sau khi khoc xa ¢ bi
tdch ra thinh cdc chim sang don sic ¢6 mau sac thay doi lién e tr do dén
tfm nhu mau sic cdu vong. P4 12 hign tuong tan sdc dnh sing boi lang
kinh. Ban chal clia hién trong 14 su phu thude cla chi€l suat lang Kinh vio
bude séng dnh sdng t6i. Fia tim ¢é chiét suat 16n hon tia do nén 1¢ch nhidu
hon vé phia day lang kinh, Puting cong biéu dién su phy thuoe cia chicl
suit clla mot chit theo bude séng goi 1a dudng cong tdn sdc cua chat dy.
Bang thue nghiem ngudi ta dd xdc dinh dudng cong tan sac cua nhiéu chat.
Thong thudng & mién budc séng xa ving hip thu, chiét suat tang khi bude
séng giam. Kha nang tdn sac dnh sdng cda lang kinh thuy tinh hoac thach
anh dugc img dung lam may don sée vd mdy quang phé Tang kinh. Ching
ta s& danh gid do tdn siic va nang sudt phan gidi cta lang kinh.

3.1.1. D9 tan sic va nang suat phan giai

a) Pé tan sdac

Xét dudng di cia mot tia sang don
sac qua lang Kinh chigl sudt n dat
trong khong khi (hinh 3.1).

Theo dinh luit khie xa ta ¢6 tal
diém 6t I sini =nsinr

Tai diém J: sini' = nsin 1

~ Ngodi ra d€ thay r+ ' = A Vol A

1A g6¢ chi€t quang cuasling kinh.
Gée lech chatialo D=i+1-A Hinh 3.1. Dugng di cua mot tia
.. o a X sang qua lang kinh
Goe fech D dat gid tri cue ticu khi

i=i trong ingr=r,D=Dmin=06=21-A.
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T dé géc 161t dé
D=Dminlai=d+ A2, r=A/2
Suy ra:
stn {8 + A)/2) = 1. sin{A/2) (3.1}

6 thé thay 1a & vi trf goc léch cue tiéu, tia sdng truyen qua lang kinh
mot cich doi xing.

Trudng hop chiim sdng khong don sic duge chiéu tdi lang kinh & vi tri
géc¢ lech cue tiéu, dé tim do tdn sfc gée cua lang kinh ta 1ay vi phin
phuong trinh (3.1}

1 dd o+A dn | A
2dn 2 a2
dd dn 2sin(A/2)  dn 2.~sin{/\‘_/__2)

drn  dn’ cos[{d+ A}/ 2] dA \ﬁl"n],lz sin®(A/2)
p-®
dx
D duoc goi 1 do tdn shc goc cua lang kinh, dn/di 1a do tdn sac vat
licu. Do 1dn sdc vat ligu phu thude vio bude séng va ting manh & ving pho
hap thu cha vat ligu. Thity tinh nang (thay tinh flint) ¢6 do tén sic Ion &
vilng séng ngdn cua dnh sdng kha kién nhung lai bi hdp thu manh & viing
nay. ‘Thiy tinh nhe (thiy tinh cron) ¢6 do tén siac nhé hon nhung it bi hip
thu @ vang tim v Wt ngoai. V&i mot vat liéu xdc dinh, do tin sic gée cang
16n néu gée chidt quang A cla lang kinh 16n. Tuy nhién, khong thé tang
g6c A nhi¢u vi s€ dan dén phan xa toan phdn ¢ mit bén ling kinh (A <21,
vdi sin Iy = [/n). Thong thuong ngusi ta chon A = 60",

b) Ndng sudt phdan gidi

Theo dinh nghia niing sudt phan gidi: R = A/dA

Trong dé: di 1a hi¢u bude séng cta hai bifc xa don sdc con ¢6 the phan
ly duoe theo tidu chudn Rayleigh, & 12 bude séng trung binh ctia ching.
Theo tiéu chuin Rayleigh mé rong, hai dudng cong phan bd cudmg do sdng
dwoc xem 1 phan ly néu khoang cdch gée gilra ching bang nia do rong
goc cua dudng cong cudng do sang. Puong 'phﬂﬁ ho cudmg do sdng ¢ day
chinh 14 cac vach phé véi mot do rong nhat dinh do nhidu xa gay ra.

Kich thude cua mat bén lang kinh la httu han nén chum dnh sing
truyén qua mit ben lang kinh s¢ bi nhiéu xa. Theo 1y thuy&t nhicéu xa. dnh

nhidu xa cua chiim sang song song qua mdt khe do rong a ¢6 nua do rong

85



gde 0, ~ sin, = 2/a (Pay 1a khoang céch gée tir tam cue dai nhicu xa dén
cuc tiéu nhidu xa diu tién).
Nhu viy, theo ti¢u chuin Rayleigh

- s - -
do = — 2 — w.do
i

AB=b
BC=L

Khi mat bén ling kinh

duge chiéu sdng hét (hinh

3.2). Kich thude a cua chim

sdang s€ la Hink 3.2. Anh huding cua cach chiéu sang
L cosi \ang kinh 1&n nang suat phan giai
a=bcosls — ————
2 sm(A/2)
O i e6e 16ch cue tidu 1 =78 + A)/2

Thay bicu thide cta dd/% v a vao R ta duge:

R - dn 2sin(A/2) L cosi(8+A)/2] I dn

da cos[(3+A)/2]1 2 sin(A/2) T di
R-p I
d

T do ta thdy ning sudt phan giai ctia lang kinh phu thude vio dé tin
sac vat licu lam lang kinh va do rong day lang kinh L st dung. Dé tang
nang suit phan gidi can tang do dii st dung 1. cha lang kinh. V& nguyen
tac ¢ thé tang goc A va kich thude Tang kinh. Tuy nhién, nguoi ta khong
thé tang géc A nhidu va cling khong thé tang qua 1én kich thude Tang kinh.
Thue & trong may quang phé ngudi ta thuong dit lién tiép 2 hoide 3 lang
kinh dé lam tang do dai hiéu dung cha didy lang kinh.

So do iy quang phé lang kinh ¢é dang nhur trén hinh 3.3

Hink 3.3. S0 d6 quang hoc may quang phd lang kinh
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3.1.2. M6t s6 loai liang kinh

Ngowi tac dung 1am tdn sic dnh sdng trong indy quang pho, 1am yéu 16
loc hua bude song trong budng cong hudng laser, tang kinh ¢on dwoe diug
dé lam lech duong di tia sang va thay déi hudng phan cue ctia dnh sang
phan cuc... Dudi day 1a mot s6 dang lang kinh khdc nhau dad duoc ché tao
de diing trong quang hoc va quang pho hoc.

Trén hinh 3.4 triinh biy mot loai ling kinh thuong dung trong Ky thuit
laser - lang kinh Pellin — Broca. C6 thé xem lang kinh Pellin - Broca 13
mot khoi Ihll\« tinh quang hoc tao bdi hai lang kinh 30" — 60" — 90" v mol
ling kinh 45 — 45" — 90"y tao thanh.

Gia s ¢ mot tia sdng
don sic A di qua lang kinh
DAE mét cdch doi xing
(khiic xa song song véi diy), 7=\ TN
khi d6 n6 s& phan xa 45" tren
mat AB. Tia »dng nay tiép
tuc i qua lang kinh CDB
mot cdch déi ximg, téng oy
cong s& ¢6 gée lech 1a 90",
Co the xem tia sdng di di
qua mot ling Kinh ¢4 goc
chigt quang 60" (tao béi 2
lang kinh DAE va CDB) o vi
tri géc léch cye tidu. Trong

Hinh 3.4. Lang kinh Pelfin - Broca

truong hop dnh sdng khong
don sic, cde bude séng khac nhau ¢é mat trong cham séng nay s& 16 ra vai
g6c kKhic nhau. Néu lang kinh c6 (hé quay quanh truc vuong gdoc vé mat
phanu hinh v& thi tia té1 58 ¢6 mot gée 168 mdi cho thanh phan buée sone i
sa0 cho tia nay i qua lang kinh vai gée lech cue tidu v s& ¢6 goc 1¢ch
toiw phan 12 90", Vi fang kinh logi ndy 1a ¢6 thé dé dang (a0 ra mét ngudn
sdng va quan sdt & mot géc ¢6 dinh (& day 12 90%. Chi cin quay lang kinh
ta s€ ¢6 cdc bude séng don sac khae nhau luén 16 ra theo phuong viong
26c¢ vo1 phuong tai.

Hinh 3.5A gi6i thicu mot s6 dang lang kinh vira lam d6i hudng truyen
vira thay doi chi¢u cia hinh anh va img kinh Littrow ¢6 ma mét mat
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bén thuong ding 1am guong sau cla budng cong hudng laser diéu chinh
bude song.

.. - - ~ - - N . - S 1 s
i.ang kinh can vuong lam léch dudng di tia sdng 907 va lam dao chicu-

clia hinh (mii 1en déo nguoc) giéng nhu guong phing nghiéng 45, Pac
diém ctia lang kinh Penta la lam léch tia sdng diing 90" nhung khong lam
dio 4nh c¢d ngang vi doc. Lang kinh Dove khéong !am thay doi huéng chim
sdng chufn truc nhung 1am xoay dao nguoc chiéu cua anh xung quang truc

Ja phuong truyén.

Hinh 3.54. Mot 56 dang lang kinh:
a} Lang kinh Dove; b) Lang kinh Penta.

Ngodi ra, ngudi ta con ché tao lang kinh lam phan xa nguge lai theo
hudng téi clia moi tia sang dén. Lang kinh nay ¢d tén goi Ia lang kinh dio
huéng (Retroreflector) hay con goi 1a lang kinh géc 1ap phuong vi duge tao
bai ba mat phing vuong gée tyong hd vai nhau (hinh 3.5B). V&i ciu o
nhu vay né 1am phin xa tat ca cde tia 1§i tr¢ lai huéng ban dau.

Lang kinh dao huéng phan xa anh sdng 180 d6 mi khong cin dinh
hudng lang kinh mot céch chinh xdce. Cac hinh dnh sau phan xa vira dao ca
chiéu doc 1an chidu ngang. Thong thudng lang kinh nay dugc ché tao vdi
ba kich thude khdac nhau: 6,35mm; 12, 7mm va 25,4mm nhur (rén hinh 3.58.
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Hinh 3.5.B. Lang kinh dao hudng (Retroreflector)

3.2. CACH TU NHIEU XA

Hién nay, cdch ttr nhiéu xa dang thay thé lang kinh dé 1am t4n séc anh
sdng trong hau hét cdc thiét bi phan tich quang phé. Thong thudng, céch tir
g6m mot dé quang hoc v6i mot s6 16n cdc ranh song song trén bé mat goi
la cdc vach va duge phii mot 16p phan xa nhom hoédc vang. Hiu hét cic
cach tir 1a cdc bdn sao tr mot ban chinh. Cic rinh trén cdch tir ban chinh
thuong dugc vach ra bang phuong phip khic axit hodc bang phuong phap
giao thoa holography. Chat lugng va khoang cdch cla cdc ranh 1a van dé
cot 13i cua cach tir.

3.2.1. Phuong trinh cach tir

Phuong trinh co ban ctia cdch tir ¢6 thé din ra tir so dé chiéu sdng cdch
t& nhu sau: Khoang cich d gitra hai vach lién tiép goi Ia chu ky (hay hang\
s0) cha cdch t. Gia sir c6 mot chum sdng don sic, song song chiéu theo
phuong vuong géc véi cdc vach clia cdch tir (hinh 3. 6). Xét hai ranh lién
tiep trén cich tr. Goi bude séng 1a A, goc gilta tia t6i v6i phdp tuyén cha
cdch tlr 1a i. Anh sdng nhiéu xa theo phuong 1am mot goc r v6i phip tuyén
clia cich tr. Hiéu quang trinh gilra hai tia sdng phdt ra tir hai vach lién
ti€p theo cling phuong r ¢6 thé danh gia tr hinh v& nhu sau: dsin i + dsinr.
Theo ly thuyét giao thoa, hai tia ndy s& cho giao thoa véi cuc dai cuong do
sang khi:

d(sini + sinr) = mA, véi m la mot s6 nguyén goi la bac nhiéu xa.
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Ceg

Chi y 1a géc r s€ lay nguge dau véi i khi nam doi dién véi i qua phép
tuyén.

Phéap tuyén cach tl

_ Hinh 3.6, a) Hinh dang mot phén bé mat cach tu;
b) Cac bac nhiéu xa cua mét chim sang thoa man phuang trinh cach {i

Anh sang trang

m= -1, v0i cac budc song
tang dan theo goc

Hinh 3.7. Cach tif va su tan sac cua cach tur

Khi chi€u dnh sing khong don sic, voi cung bac nhi¢u xa, cac bude
song khdc nhau sé nim & cdc g6¢ khdc nhau, Bac nhiéu xa cang I6n thi do
tdn sic géc cang cao (hinh 3.7). Trong hdu hét cic mdy don sac, khe va
guong chudn truc 16i vdo ¢6 dinh huéng cua tia sdng téi bé mat cdch wr.
Guong chudn truc va khe 16i ra ¢o dinh goc r. Chi nhitng bude song thoa

min phuong trinh cdch tr méi di qua khe 161 ra. Khi quay cédch tu, cic goc
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I vd rothay doi nhung

hiéu cia ching khong — L9rvao
dor v ¢ dinh bdi cdu -
hinh cua mdy don sic.

Mot dang khic coa

phueng  tinh  ciach L& ra
thich hop cho mdy don ; ' i)w “ann
. ! o
sac L I; Y o,
»
. - BT AN .
2d.cospsinG = ma Loira % Guorg
chinh — i ra
Var o 1 mot i
cua gde hop bai tia 16 Hinh 3.8. S6 d6 mét may don séc
v ta nhide xa trén cach tu dién hinh

cich w0
0 - la gée gitia phip tuyén & vi i cich ti cho nhidu Xy bic khong
(i =1) va phip tuyén § vi trf dang xéi. Goe nay duoce goi L gée edch un

¢ Vi () duge xde dinh tiemai lien hé: i =0 + pvar=1(
3.2.2. Bac cua cach tir

Can chi ¥ la pid o m trong p]1u‘n‘m trinh cich tw ¢6 (hé lay diu am
hoae duong. Trong mot mdy don sic cho trude cdc goc 1 var duge xidc dinh
bo1 vi trf quay cdch tir. Ta st dung quy udce latat ca cde gée nguge chicu
kim dong hé doi v6i phap tuyen cha cdch 1 mang diu duong va cdc gée
cting chicu kim déng ho mang diu am. Anh sing 1o, dnh sing nhidu xi, vi
|Il Uy o IL]'I wr LO I}IL LI]I“ vl L¢IL “()L am h(hlL (fl](f]]“ Ul\ theo thll!” O
phia bén ndo cia phip tuyén trén cich . Tuy nhién, e goc hop bai i
(61 v ia nhicu xa ¢ luon duoge xem 1 duong.

NEu goe r= - i ta ¢6 nhidu xa bac 0, khi dé (4 xem 12 cich L & vi i ()
hay 13 géc cich nr hing 0. Khi dé dnh sdng don gian la phan xa tién

cach .

Cae mdy don sac thong thudmg chi dung nhiée xa bic | dunnﬂ hoac
am. Néw goe cdch o 1 duong thi bac s dung B dueong ¢m = 1) Neu péce
cach 1o am thi bic s dung 1a am (m = -1},

Phuong trinh cdch tir cling duoce thoa min déi vai cde bude song khic
nhau & cung mot vi trf xdc dinh cla cdch (4 trong mdy don sac cho truée.
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Gl st bude s6ng 2 thoa man phuong trinh cdch e véi m = 11 thi &

cling vi tri khe may don sic ¢6 the ¢6 bude séng ky = 4/2 thoa min do1 vl

m = +2 v bude soug ky = Ay/3 thoa min doi v6i m = +3... Nhu vy tas¢

thu dugc ngoit bude séng A, & phé bac b cdn ¢ budc song i, ¢ pho bic 2
vt bude séng Ay & phd bac 3 v.v... Cde bude séng bac cao nay ¢d the duge

chin lai bang kinh loc hodac dung dau thu 6 dé nhay pho thich hop.

Anh sang tai

e Praptuyérkhi=-
(1

Anh sang
nhiéu xa
Phap tuyén

Hinh 3.9. Quy udc vé ddu cta cac goc tdi i, goc nhidu xar,
goc cach tr 0. Trong hinh cac goc déu duong

3.2.3. Budc song choi

Khi mot dnh sdng don sidc nhiéu xa 1rén cdch tu, ty I¢ dnh sdng irén
cic bac nhidu xa la khdc nhau. Ty phén dnh sdng nhiéu xa trén moi bic
duge xem & higu sudt cta cdch ti nhidu xa & bac do. Cde cdch wr thuong
duce thict k& dé nhiéu xa hicu qud o bac mot. Trong mot bic nhicu x.
hicu sudt nhidu xa khong nhu nhau véi moi bude séng vi nhicu nguycn
nhan. Hicu sudl niy <6 the tinh chinh dicu huong thee bude song bimg
cdch thay déi géc mad hodic hinh dang va d¢ sia cla ede ranh trén mit ¢dch
W Bude séng choi 1a bude song duge nhiéu xa v6i hicu sudt cao nhit bai

cdch 1. Tren Winh 3,10 ¢hi ra hat dudng cong dién hinh v sy phu (huéc

cla hidu sudl edeh wr vao bude song dd1 véi cdch tlr vach va cich

holographic: 77741 1 cdch 1 holographic, 77742 — cich e vach,

Cich i hotographic duge ché o bang phuong phdp anh giso thoa

holography va déi khi con st dung k&m qud trinh Khae axic Cich

holographic ¢d tiéng 1a 161 nhit nhung ciing khong phii luén nhu viy. Cie

cich tlr v6i riinh hinh sin it lam tdn xa dnh sdng nhung lal ¢6 duong cong

hi¢u suat thap va phing. P& tao ra cde cdch tr holography chéi nguvi ta i

dung phuong phdp khic axit trong qud trinh giao thoa hodic ban ion d¢ Lo

ra goe chol trong mot qua trinh thi cap.
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Hinh 3,10. Budng cong biéu dién sy phu thudc cla hiu suat cach tir
vao bugc song di vdi cach tir vach 77742 (1200vach/mm; budc séng
chél 350nm) va cach tir holegraphic 77741 (1200vach/mm, bude song
ch6i 250nm) ciia hdng ORIEL,

Cach thi nhat khéng tao ra chéi manh trong khi cich the hai 1o ra

hi¢u sudt cich (0 cao & ¢ific bude séng choi nhung tin xa dinh sding tang do
o ra cde vi cau trde doc theo mép rinh, Ngudi ta thudmg s dung 18 hop
cich trvach vir cach ur holographic dé dat duoe do-chéi. hicu sudt tot nhal

va tin xg dnh sdng thap dé6i vai ede vimg bude séng khie nhau.

3.2.4. Bg tan séc va nang suat phan giai cta cach t

a) B¢ tan sac

Xeét mot cham sdng khong don sie chicu vao cdch tir dudi mot g6c 16i

xie dinh i Ldy vi phan hai v& phuong trinh cdeh tirwa ¢6:

Vim/d = (sin | + sinr)/k nén suy ra

d.cos r.6r=mor

Lo m ST FsInT
G—v e

ar  d.cosr A COST
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G = 8r/8% duoc goi [ do tdn sac pdce, dé chinh la do thay déi gac
nhidu xa tng véi mot thay déi nhé bude séng. Tir cang thite (rén ta thiy do
(an sdc gde cang ting khi chu k¥ céch tir d cang nho va bac nhigu xa m su
dung ciing nhu géc nhidu xa r cang 16n.

Do tan sac dai & khe sdng 181 ra clia mdy don sic s& phu thude vio ticu
cw guong chuan truc 161 ra f va g6c nhiéu xar.

L:B_x:f.i: fan
O ok d.cosr

Ta nhan thay doé Gin sic clia cich tu khong phu thude vio bude song.
Vi du, véi cdch nr 1200v/mm. d = (1/1200)mm; néu budce song tinh
theo don vi nm ta ¢é do tin sdc dai L cia mdy don sic cich ur voi
f=257mm li: '

257.m.1200 : .
L= —(m—w— mm/nm=0,6lmm/nm
107 cosr

khit =60 m=1! hay 1,66nm/mm

Thong thudmg ngudi ta hay dung dai lugng nghich dido cua do tin sic
cho biét do tin sic budc séng trén khe 161 ra do bang nm/mm.

b) Ndng sudt phdn giai

‘Theo dinh nghia nang svdt phan giai cla cdch ur: R = A/04.

Trong dé 82 13 hidu bude séng cla hai biic xa don sdc con ¢ thé phan
ly duge boi cach tir theo ticu chudn Rayleigh, A 1a bude séng trung binh
cua ching.

Nita o rong géc clia dudng cong phan bé cudng dé dnh sdng nhicéu xa
bai cdch wr theo tinh todn la:

Ar = 7}b
N.d.cosr
vOi N 12 s6 vach sir dung et cdch .

Tir cong thic do tan sic goc la ¢6 khoang cich gée gifia hai cuc dai ¢6
buGe somg A va A+ Ok e o = O
d.cosr

Theo tiéu chudn Rayleigh 8r = Ar, suy ra R = 1/84 = N.m

S& vach clia cdch tr N = W/d vdi W 14 do rong duoc chidu sdng cha
cdch tr, d 1a chu ky cdach tr. T dé ta ¢é:

94



A W(sini+sinr)

R= — <™
Sk A

Ning sudt phin gidl cao cua cich tt theo tinh 10dn trén 13 ¢dn thist
nhung ning sudt phén giai thye t€ con phai tinh dén do rong khe.

Vi du, cich tr 1200v/mm réng 50mm duge chicu sdng ddy bai budce
séng 500nm & phé bac 1, nang sudt phan glidl cha cidch tr 1A R = Nom =
1200.50 = 60 G00. Tir d6 ta ¢6 gidi han phan ly 8 = A/R = 0.008nm. Néu
mdy don sac ding cdch tr niy ¢6 do tan sic dai nghich dio 13 3 .6nm/mm
va khe 161 ra ¢6 do rong 250m thi d6 rong bang phé ctia mdy (4 0,09nm
{(~0,Inm) trong dng véi ning sudt phan giai clia mdy 14 A/8k = 500/0.1 =
5000.

Nhu vay, khi cich tr dd duge chidu sdng day, do rong khe chit khong
phai ndng suat phan gidi clia cach ur hay 12 quang sai quy@t dinh nang snat
phin giat cua mdy don sac. Tuy nhién néu chicu sdng cich tr khéng ding.
ching han mot laser chiu sang chi 2mm dé réng cach ur, thi nang suat
phan gial cua cdch wr s& lam mé rong do rong pho do duge so véi do rong
pho rét hep cla laser.

Trong trudng hop midy quang phd dong CCD hay mang diode, nang

¥
o

sudt phin giai duge xdce dinh boi d6 réng pixel.

3.2.5. Biang phd truyén qua va nang suit phan giai cla may
quang phg

Bang phé truyén qua 12 do rong phé di ra khoi mat mdy don sic hay
mdy quang pho khi chicu séng khe mdy bing mot nguon sing ¢6 phd lién
tuc. Bang pho truyén qua trong mot mdy quang pho [ rdt rong, chi bi gidi
han bér do ma 161 ra. ‘Trong mdy quang phé thigt k& véi mang diode, do mé
161 ra phit hep véi kich thude cia mang diode ¢6 (hé dai dén 28mm.

Trong mdy don sic, bang phé truyén qua ¢6 thé giam bang cich dong
khe d€n do rong gidi han. Gidi han cta bang phé truyén qua duge goi la do
phin gidi cua thi€l bi. Trong phan tich phé do phan giai 1y thude do cta
thi¢t bl trong viéc phin tdch hai vach phé gan nhaw. Vi dy may quang pho
vii cach 1 1200v/mm ¢ thé cho dé phan giai tir 0,1 dén 0,5nm trong mién
phé nhin thay. Khi chiéu sdng day edch tir, thi quang sai ca hé quang hoc
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xdc dinh do phan gidi cta thiét bi. Trong hiu hét cdc thi€t bi quang hoc
quang sai ¢6 thé giam t6i thi€u nh& chiéu sdng chi vimg trung tam cua khe

161 vao.

Bang pho truyén qua ¢6 thé tinh bing tich do tdn sic nghich ddo va do

rong khe.

Bang 3.1. Mt s8 vi du vé cach tf cda hang Oriel (USA)

S6 vach/mm Buroc ;?;lj} chéi | Losi Vung ?nu'r:;: soéng Ms[tief
o0 | 250 Hologrgaphic | 200 700 7740

1800 500 Holpgrgaphic 300- - 1050 77763
1200 250 Hologrgaphic 180 650 77741
1200 350 Vach {ruled) 200 - 1400 77742
1200 750 Vach {ruled) 450 -- 1400 77752
800 200 Vach {ruled) 180 - 500 77743
600 400 Vach (ruied) 250 1300 77744
600 1000 Vach {ruled) 600 - 2500 77745
600 1230 Vach {ruled) 750 -- 3000 77767
600 1600 Vach ({ruled) 800 -- 3000 77768
400 1200 Vach {ruled) 700 - 2500 77746
400 1600 Vach ({ruled) 900 -- 2900 77769
300 600 Vach {ruled) 250 - 1150 77747
300 1000 Vach {ruied) 975 - 2500 7770
300 2000 Vach (ruled) 100 - 3400 77748
246 226 Yach {ruled) 190 - 450 7177
200 1000 Vach {ruled) 600 - 2200 71749

150 300 Vach {ruled) 190 - 800 77772

150 800 Vach {ruled) 425 1600 17773

150 1250 Vach {ruled) 725 - 2800 71774

150 4000 Yach {ruled) 250 -- 9000 77750

121 413 Vach (ruled) 250 — 1000 77754

. 75 7000 Vach {ruled) 4500 20000 ???51
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3.4. CAC BAN BUGC SONG VA MAY BO CHINH PO PHAN CUC

Vi¢e diéu khien chinh xdc trang théi phian cuc la can thi€l dé nhan
duge sw heat dong 161 vu ¢lia ¢dc linh kién v hé thang quang hoc. Cic dac
trung nhu do phan x4, sw mat mdt trén mit phan cdch, vi ly lé tich chim
tia s& khdc nhau d6i véi cde trang thii phan cuc khic nhau. Cic méi quan
h¢ phu thude nay can duge tinh dén cin than trong bat ky thi¢t k& quang
hoc nao.

St phan cuc cling rat quan trong vi né ¢é thé duoe ding d¢ truyén tin
hi¢u va thire hién cdc phép do nhay. Tham chi khi cuong dé sing khong
déi, théng tin ¢6 gid tr vin ¢6 thé duoge truyén tii nhd trang thii phan cuc
cha chim sdng. Gidi ma su phan cuc ¢6 thé néi 1én chium sdng dd thay doi
nhuw the nao boi moi twong (dc véi vt chat (tiong tde tir, hod, co... ). Cic
thi€t bi thu nhan va do dac ¢ (hé duge thi¢t ke hoat dong trén co s thay
dol ndy cha trang thdi phan cuc.

Trong muc ndy chiing ta s¢ dé cap dén cdc ban bude séng, mdy bo
chinh va tic dung cla ching trong viée lam thay doi trang thdi phan cuc
cua 4nh sdng phan cue,

3.4.1. Cac trang thai phan cuc cla anh sang

Theo 1y thuyét séng vé dnh sdng. dnh sdng 1a song dién tr, bao gém
dien truong E vitir trudng H truyén véi ciing van t6¢ va trong cting mot
hudng k. O day E, H va k 12 cic vée to, nghia la ching ¢6 thé duoce bidu
ditn bdi cde mii tén véi ¢a do 16n va phuong chiéu. Tir phuong (rinh séng
Maxwell ¢6 thé biét ring cdc veeto E va H luon luon vuong goc véi nhan
va vuong goe vt k. Khi bict K ta ¢é thé dé dang tinh ra H. Vi Vay nguoi ta
thuong chi bicu dién I v xdc dinh su phan cuc clia song theo dinh hudng
cua dién trudmg E.

C6 ba trang thai phan cuc co ban: phan cuc thiing, phan cuc tron vi
phan cuc elip. Nhitng thuat nglt ndy mo td quy dao vach ra béi ddu miij 1én
cua vée o dién trudng khi né lan truyén trong khong gian. Anh sdng di ra
1r mot laser ¢é dé phin cue cao va hiu nhu {a phin cye thing hoin toin.
Mat khde, dnh sdng khéng phan cuc nhi truong hop dnh sdng t&r mot béng
den, mot LED, hodc mat troi, 14 sw chéng chat ngau nhién clia tat ca céc
-trang thdi phin cyc ¢é the. Hinh anh tdc thoi coa song phéan cuc thang duoc
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mé ta trén hinh 3.11. Chi ¥ rang khoang cdch ma tai d6 dién truong E
duoc lap lai 14 bing mot bude séng, 1. Mic di dién trudng E doi hudng
luan phién, né vin dugc gilt trong mdt mat phing.

[}

y

[

Hink 3.11. S6ng phan cuc thang

Neu quan sit séng ndy tai mot diem ¢d dinh Z khi séng truyén di, ta co
thé quan st thdy dau mai tén vecty E dao dong 1eén va xudng doc theo mdt
dL;Ci1'1g thang. Géc 6 cha dudng thing nay v6i mét hé truc quy chiéu nao do
s& hoin toan dac trung cho trang thai phan cyc thiang ndy. Hon nita, ta ¢é
thé phan tich séng ndy thanh 2 thanh phén séng phang theo cdc hudng cta
truc toa dé:

E = E, cos(ot-kz) + L, cos{ot—kz-1)
trong dé o = 2nc/2 1a tin sO goc cha song, k Ti hang & truyén va ¢ i
van téc anh sdng. Hai thinh phin cosin thé hién mot soéng don sac. B va
E, 1A cdc thanh phan vudng géce cia E. P9 1on cla ching xdc dinh bo
cong thirc sau:

IE,
E

¥

[i| cosf)

= !E\ 51N 0

Po lech pha gifta hai thanh phian nay la /'=mm (m = 0,1,2,3.)

Né&u trong qud trinh truyén séng vecto dién truong IE clia dnh sang thay
d8i sao cho ddu cia vecto E vach thinh mot dudng tron xofn ¢ trong

khong gian thi 4nh sdng duge goi 14 phén cuc tron. Hinh 3.12 mo ta mot
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anh sdng phéan cuc tron véi cdc vecto dién E trén céc vi tri doc phuong
truyén (truc z) & ciing mot thoi diém (). Néu quan sdt trén man dat tai mot
vi tri xdc dinh (ching han z = z9) theo huéng nhin vé nguén sing (song
truyén dén ngudi quan sit) ta thay dau véc to quay theo chi¢u kim déng ho
thi dnh séng dugc goi 1a phan cuc tron phai. Nguoe lai thi goi 1a phan cuc
tron trai.

Hinh 3.12. Song phén cuc tron

Anh sdng phan cuc tron ¢6 thé biéu dién 1a téng cha hai thanh phén
s6ng phén cuc thang, cling tin sd, cung bién do, phan cuc theo hai huéng
vuong géc véi nhau nhung léch pha nhau 12 #/2. Do dé ¢6 thé bidu dién
bing biéu thiic sau:

E = E cos(ot) + E sin(wt)

Trong dé [EJ = ‘Ey' .

Néu E, va E, khong bang nhau vé do 16n, thi ta thu duoc séng phan
cuc elip. Anh sdng phan cuc elip ciing ¢6 hai loai phan cuc phai va trdi nhu
phan cyc tron. Tuy nhién, dé mo ta ddy da mot song elip, khong nhimg ta
cin biét ty s6 cla truc I6n trén truc nho ma con can lién két cdc truc véi
mot s6 hé quy chiéu khdc nhu dic tinh phong thi nghiém, thi¢t bi, dung cu
hoac bo dung cu thi nghiém.
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Hinh 3,13 Cac séng phan cuc elip khac nhau img vdi dé tré pha [ khac nhau.

Tong qudt séng phan cue ebip ¢o dang:

[ = E _cos(ot) + L cos(wt-T)

I" 14 do (& pha gita hai thinh phan séng phan cie thang. Mot 56 song
phan cuc elip v6i cdc gid tri khde nhau cua /' duge mo ti trén hinh 313
Chd ¥ ting truc ngin, truc dii khong nhat thiét phai theo hudng x hoic y.
Song phan cuc elip bi¢n déi thanh séng phan cyc thing khi:

o=, =21 -7 0, % 2N,
Su phan cye 14 tron khi:

I'= = 32, - /2, w2302 v [E | = B |

C6 thé thily cd phan cue tron va phan cic thang i cdc trudng hop dac

biét cha dnh sdng phan cuc elip.

3.4.2. Cac ban budc séng va may bé chinh

Pé 6 thé hidu dwoc cdch sir dung cée ban bude s6ng va mdy bo chinh
nham thay déi dénh sdng tr mot trang thii phan cue nay thanh trang thdi
phin cuc khéc trude hét ta nhac lai tinh chat cua cdc tinh thé don truc.

Khi 4nh sdng di qua mot vt liéu trong sudt nhu mot inh thé, né tuong
tac v&i cdc nguyeén 1 trong mang. He qua la tée do dnh sdng bén trong tinh
thé cham hon trong chan khong va khong khi (thuong Ta tr wen 1 dén 3
lin). Tée do dnh sdang bién thién ty ¢ nghich vat chiét suat unh thé n.
v = ¢/n. Chiét sufit chng Ién thi dnh sdng di cang cham. DO (r& pha | cua
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mot s6ng don sic khi di qua tinh thé duoc lign he véi t6c do truyén (chiét
sudt), bude séng va quang trinh L. trong tinh thé nay:
. In
I = —-n L (rad)
A
Loai tinh thé don gidn nhil [3 tinh thé d6i xiing lap phuong. Trong mot

I,

tinh thé 1ap phuong thi cdc truc tinh thé I3 twong duong nhau nén: n =n ”

Y
va tinh thé 12 ding hudng quang hoc. Khéng cdn d€ y téi vice 4nh séng bi
phin cye boi tinh the nhu thé nao, dnh sdng sau khi truyén qua s¢ c¢é ciing
chiet sudt vi do tré pha. Vi viy, moi dnh sdng phan cuc ngoai viée nhéan
duge mot do tré pha khong doi, s& it nguyén trang thdi phan cuc sau khi
di qua tinh thé dong nh#t, dang hudng (diéu ndy cling ding cho céc chit vé
dinh hinh nhu 1a thuy tinh).

Tuy nhién, nhimg nhém cic tinh thé bat doi xing (hoiac bat dang
hudmg) 6 tinh chat quang hoc hip din hon. Chiing duoc biét dén nhu 1a
cdc tinh the ludng chigt. Mot loai tinh thé lugng chiét 1a don true, nghia 1a
mot true cla tinh the khie véi hai true con lai n, # n, = n_. Cic tinh thé
don truc phd bign c6 chit lugng quang hoc cae 13 thach anh, calcite va
MgF,.

True tinh thé don duy nhit duce goi 1a truc di thuong (déor khi goi 1a truc
quang hoc), va chiét sudt twvong tng cia né duge ky hiéu Ia n, hai true con

la1 goi a truc thudng vdi chiét sudt ny,.

b
"= 2nn LA /

I'= 27 L%,

|
i
|
1 L]
|
|
|

.

Hinh 3.14. Sy quay tinh thé dan tryc 1am thay doi dé tré pha déi véi séng phan cuc thang
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Vi du nhu trén hinh 3.14, dnh sdng di vio 1a phan cuc thang doc theo
truc y cua tinh thé, tdc dung nhu mot séng thuong vdi chigt sudl ny. Quay
tinh thé sao cho dnh sdng phan cuc thing theo truc z ctia tinh thé, khi do
anh sing tic dung nhuy mdét séng di thuong chiét suat n,. Trong ca hai
truong hop nay, do tré pha, hay quang trinh s€ khdc ngay ca khi dnh sdng
di qua cing mot d6 day tinh thé. Theo thuat ngit tinh thé, trong tinh (hé
don true ¢6 truc nhanh va true cham. Truc ¢6 chiét sudl nho nhat 14 truc
nhanh. N&u n, > n,, nhu trudong hop cua thach anh, thi truc di thuong i
truc chiim va truce thudng Id true nhanke Nguwoe lai, néu n, < ng, nhu Caleite
va MgF,, thi truc di thuong 1a nhanh va truc thudmg la cham. Theo dinh
nghia, tinh thé ¢é n, > n, duge goi 12 tinh thé don truc duong, tinh thé ¢é
n, <n, goi 12 tinh thé don truc am.

a) Bdn budc song va cde itng dung

Cdc ban bude song tudng chi€t hay cdc ban lam tré 1a cue ky hitu ich
doi vai cdc ung dung khi ta muén tong hop vA phan tich dnh sing ¢6 ¢dic
trang thai phan cuc khdc nhau. Vi du khi diing ban 1/4 bude séng, ta ¢6 thé
bién déi chim sdng t6i phan cye thang thanh phan cuc tron (hodc elip) va
nguge lai. Ding mot ban nla bude séng, ta ¢6 thé diéu chinh lién tuc goc
phan cyc clia chim phan cuce thang. Chi ¢an hai loai ban bude séng nhur (hé
nily di ¢ thé xay dung mot bo chan quang hoc, mot bo suy hao ¢é dicu
chinh hoac méot bo tdch chim tia cé ty 1€ chia thay doi duge. Mot ban budc
song don gidn 14 mot tinh thé don truc duge cét thainh ban hai mat song
song va mai béng sao cho mat phing ldt cit chita quang truc tinh thé. Maét
chum tia té1 vudng gde véi mat ban bude séng s& bi phan tich thanh cdc
thanh phéan theo true thuong va di thuong, vdil cdc chiét sudt khic nhau.
Chum 16 ra s¢ ¢6 su tré pha khidce nhau, hay [ ¢ mét su ué gitia céce truc:

[ = ?;—jt(nc —no)[, {rad}

Néu ta chon do day bin bude séng la L. sao cho dé ¢ tuong g li
n/2, thi ban dugce 201 1a ban 1/4 bude séng. Mdt do dich pha I' = 7/2 sé
bién doi dnh siing ;han cuc thang thinh phan cue tron v nguoe lai. Ban
atra bude séng ¢6 do 1ré 12 nt (rad). Nhu biéu dién trén hinh 3.13, do (& nt
s& Jam xoay mil phing dao dong cta anh sang phan cuc thing. Néu cham
161 ¢ vecto L tao mét gée O vai truc nhanh, dnh sdng ra sé cd E xoay mot

g6e 26 quanh truc nhanh. Diéu nay dic biét thuén loi khi diing ngudn sdng
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laser hodc lam viéc véi cde thiét bi kich thude qud 16n, khé cé thé quay.
Mot phan tu hay Ta nita buée séng khong phai 12 do day thyc cia cic ban
bude song mi chi 1d gid trj dé so sdnh. Tat ca cdc ban bude séng ¢6 do day
¢6 dinh dugc ghi 16 bude séng duge thiét k& (vi du 1/4 bude séng & 632,8nm1).
Hon nita, chi€l suat clia tdt ca cdc vat liéu phu thuoe manh vao bude song,
nen <& 1a sai khi ta cho rang béan 1/4 bude séng thict k& cho 1060nm & I
ban 1/2 bude séng déi véi dnh sdng budce song 530nm.

Trong bang 3.1 1a téng hop cde (ng dung thong thudng cha cdc ban
budc song. Be twan theo quy lual trong bang nay, can xdc dinh truc nhanh,
true cham cia ban bude séng va sau dé quay bin bude song sa0 cho trang
tha) phan cyc cta dnh sdng vao vira 1a o vi trf ding (hinh 13.15).

Truc cham

4

Truc nhanh

Anh sang vac / Anh sang ra

£ = 0°|a truc nhanh
8 = 90° |4 truc cham

Hinh 3.15. Hé tryc toa 4% xac dinh trang thai phan cuc

Bang 3.1. Thay d6i sy phan cuc nhd cac ban budc séng.

L.67 véo ) | " {Gira .!
Ban 14 bude séng “
| Phan cuc thang 0= 45° | Phé.r.:. Euc tron tr.ail
: Phan cyc thang, 6 = — 45° Phan cuc tron phai
Phan cyc tron phai Phan cuc thang, 8 = 45°
Phan cuc tron traj Phan cuc thang, 0 = - 45°
* Phan cuc thang, 0 = 45° Phan cuc elip
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Léivao ‘ Léira

Ban ntfa budc séng

Phan cuc thang, 8 ‘ Phan cyc thang, -
Phan cuc trén trai ‘ Phan cuc tron phai
Phan cuc tron phai | Phan cyc tron trai

Cac ban budc sdng

| Phan cyo thing, 0 = 0° hoac 90 l Khong déi

Trong thye nghiém, rat khé 1am nhan mot ban bude séng cho do tré
nho hon 1 buée séng. Tinh thé s& rat méng, dé v va khong chinh xic.
Thue t& ngudt ta khong 1lam nhu vay. Do cdce song dugce lap lat sau mot chu
k¥ (pha 2m), nén do tré c6 thé sai khic mot s6 nguycn lan 2Zn. Cie bdn
bude song thue t& cé do day 1dn hon. Thay cho d6 té n/2, ban 1/4 buoc
séng thuc tao ra do tré 2nm + /2, n 1a mot & nguyén duge goi 1 bic cua
bin budc séng.

Tuy nhién, cdc ban bude séng nhiu biac hoat dong khong duge chinh
xd¢ nhu cdc ban budc séng bac 0. Néu thay doi bude song cua luser hodc
clia ngudn sang thi ¢6 thé thdy rang do g cla cdc bian bude séng bic cao
s& thay doi nhanh hon bin bude séng bac 0. Do tré ban bic cao ta 2n + 1
lan nhay hon khi nghiéng ban mot géc xung quanh tia 161 vuong gde. Dicu
nity cling 6 nghia la su nghieng mot goc rit nho cd the duge dimg dé dicu
chinh mot ban séng bic cao. Nhung cling o nghta i sai 0 16n hon s¢ xual
hién khi cde tia sing khéng song song, mi la chiim hoi ty hodic phan Ky.
bl véi cae phép do chinh xie, vin cdn ¢6 cde ban bude song bac 0. Chiing
duoc tao ta bang cdch k&t hgp hai ban bude séng saa cho higu do ré cua
hai ban ding bing dé 1ré mong muén. Cic bian bude song bac 0 {t nhay vin

sir Jéch goe, su thay doi budce song va nhiét do.

b) Mdy bo chinh Soleil — Babinet va Berek

Cong nghé hién nay da tao dugc cde ban bude song bac 0 véi dé tré co
thé diéu chinh dugc. Mét ban bude séng c6 do tré thay doi duge goi 1a may
b6 chinh phan cuc, va né cé thé duge ding dé dat duoc bat ky do tré nao,
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bao gém ca ban 1/4 budc séng va ban 1/2 budc song, doi vai mot khoang
rong cac budce séng. Ching ta sé néi vé 2 loai mdy bd chinh: may bd chinh
Soleil ~ Babinet va mdy bé chinh clia Berek.

) Hinh 3.16. My b chinh Soleil - Babinet.
D6 tré dugc diéu chinh bang cach thay déi do day hiéu dung cia ban 1.

Midy bé chinh Soleil — Babinet 26m hai ban tinh thé don truc ghép véi
nhau. Cdc truc di thudong cha hai ban dat vuong g6c v6i nhau nén vai tro
cla truc thudng va truc di thuong 12 dao cho nhau khi dnh sdng lan luot di
xuyén qua ban thi nhat réi ban thit 2. Do léch pha hoidc do lam tré tao ra
dugc nho ban thit nhat ¢6 thé mat di mot phan hodc hoan toan bdi ban thi
2. Mdy b6 chinh ¢6 do tré thay ddi dugc nhd thay the ban thi nhat béng hai
cdi ném phu la va 1b (hinh 3.16). Bing cdch nay, do day hiéu dung cta
ban thit nhat c6 thé diéu chinh bsi su trugt ném nay déi véi ném kia. Khi
d6 day ban thit nhit bang d6 day ban thi 2 thi khong ¢ do tré.

Mdy b6 chinh Soleil — Babinet rét dat vi né yéu cdu 3 tinh thé don truc
dugc gia cong va lap dat rat cin than. Mat han ché khic cha Soleil —
Babinet 1a gy mat mét quang hoc nhiéu do sur phan xa tir 6 mat cua thiét bi.

Loai mdy b6 chinh thit 2, mady b8 chinh ctia Berek rit hap dén vi né chi
cin mot bin tinh thé don truc, do d6 ma gidm duoe chi phi va giam duoc
mat mat quang hoc, trong khi vin giit duge cdc kha nang nhu bé chinh
Soleil — Babinet. Mdy b8 chinh phan cuc clia Berek (hinh'3.17) bao gom 1
ban tinh thé dugce vit sao cho truc di thudong vudng géc véi mat ban. Khi
anh sdng t6i vuong goc véi ban, né duge truyén véi vén toéc khong phu
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thuoc vio sy phan cuc. Khong <6 su tré vi dnh sdng chi ¢6 chiét sudt n,.
Nhung khi ban dugc lam nghiéng di v&1 chum sdng, moét truc trong mat
phang t&i chuyén thanh gin di thudng. Truc ndy bay gid c6 chiét suat hicu
dung n.' xdc dinh bdi biéu thuc:

“L_JCOSIBR . sin” 0,,

- 2 2
n n

o [

Mic du dé tré trong may bé chinh cla Berek phu thudc vao do
nghiéng, né ¢6 géc nhay bing véi mdy bo chinh Soleil — Babinet.

O

Hinh 3.17. My bé chinh Berek.
Truc di thudng vudng goc vdi ban. Su nghiéng din dé&n ludng chiét va tré pha.

Kiém tra cdc trang thdi phdn cuc

Ta ¢6 thé thu duge va xdc minh bat k¥ trang thdi phan cuc nao khi
dung 1 kinh phan cuc va | ban buéc séng, vi du nhr may bd chinh Berek,
New Focus Mode! 5540. |

Vidu 1: Xoay hudng phdn cuc cua dnh siang

Ban nira budc séng lam thay déi sy dinh hudng ctia énh sdng phan cuc
thing mot géc 20, & day 0 la gée gilta hudng phan cuc cha dnh sdng 161 va
truc nhanh cta ban nira bude séng (hinh 3.18).

D¢ xac minh hudng phan cuc thang cla dnh sdng 16 di ding nhy mong
muén, phai dinh huéng kinh phan cuc (chang han dung lang kinh Glan -

Thompson) sac cho né ngan lai su phan cuc mong mudn.

106 1 GTOPHS HOC R



_____ -—————

Kinh phan cuc
Glan - Thompson

Ban 1/2
budc séng

Hinh 3.18. Ban nifa budc séng tao ra mdi quan hé khac pha = (rad) gita cic séng
truc nhanh va truc cham. Néu anh sang tdi la phan cuc mét goc a so voi
truc nhanh, thi anh séng ra sé bi quay mét géc 2a so vdi truc nhanh. Cac
ban 1/2 budc séng ciing c6 thé lam dao khung anh sang phan cuc tron
hoac elip.

Vidu 2: Bién anh sdang phén cuc thing thanh tron

Bin 1/4 buéc séng c6 thé bién dnh sdng phan cuc thing thanh phan
cuc tron khi dnh sang t6i phan cuc mot géc 45° véi truc nhanh cua ban. Dé
xdc minh rang ta da c¢6 dnh sdng phan cuc tron, ngudi ta cho dnh sang
truyén qua phan xa nguoc lai ban 1/4 budc séng (hinh 3.19). Néu sau khi
phan xa huéng phan cuc cta dnh sdng trd thanh truc giao véi hudéng phan
cuc cua dnh t6i thi dnh sing ding 12 phan cuc tron. Muén vay ta dung mot
kinh phan cyc dat truéc ban 1/4 va xoay té6i khi kinh phan cuc truyén qua
anh sdng t6i s€ chan lai chum phén xa.

Tia vao

Tiara ====ss

Hinh 3.19. Ban 1/4 budc séng tao ra dich pha /2 gita hai thanh phan séng theo
truc nhanh va truc cham, 1am thay déi anh sang phan cuc thing thanh
anh sang phéan cyc elip. Trong trudng hop dac biét khi anh sang tgi
dinh hudng 45° so vdi cac truc thi anh sang trd thanh phan cuc tron.

Vidu 3: Phan biét phdn cuc tron phdi va tron trdi
Xdc dinh chiéu phan cuc phai hay trdi 12 rat khé néu ta khong biét dinh
huong truc nhanh va truc cham ctia ban budc séng.
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V&i may bo chinh phan cyc cua Berek, New Focus Model 5540, viée
xac dinh truc nhanh, truc cham trés thanh d& dang. Mdy bo chinh lam vice
bang cach nghiéng tam vat licu don truc cé bé mat vuong goéc vilL quang
truc. Tryuc cham ludn ludn 0 trong mat phang t&, vudng goc v truc
quay nghiéng.

Mot khi hirdng cla truc nhanh va true cham di biét, thi trang thai phan
cue tron trdi va phai ¢d thé x4c dinh bang cdch ding mot kinh phan cuc va
mot mdy bo chinh vai chire nang cua ban 1/4 bude song.

Khi 4nh sdng téi 1a phan cue tron trdl, néu truc cham cia bin 1/4 bude
séng hudng doc theo tryc y, thi dnh séng dira khoi ban séng & i phén cuc
thing véi géc — 45° so véi true x va truyén qua kinh phan cyuc nhu trong
hinh 3.20. Dinh huéng kinh phan cuc dé kiém tra va cho truyén qua dnh
sang. Vi cdu hinh niy néu anh sang t6i 14 phan cuc tron phai thi s& b
ngan lai. Quay ban budc séng hoac kinh phan cuc 90° thi s& cho k&t qua
npuge lal.

Phan cuc
thing

Phan cye
trém

Kinh phan cuyc
Ban 1/4 budc
s6ng

Hink 3.20. Doi vdi anh sang tdi phin cyc tron trai, néu truc nhanh cia ban 1/4
bude song duge diu chinh theo hudng X thi sau khi truyén qua anh
sing phan cyc thing dinh huéng — 45 véi truc X. Bat kinh phan cuc
dé kiém tra va cho truyén qua tat ca anh sang.

3.6. GIAO THOA KE FABRY - PEROT

Giao thoa k& Fabry — Perot do Charles Fabry va Alfred Perot ché& tao
l4n dau tien vao cudi the ky XIX déng vai tro kha quan trong trong quang
hoc hién dai. Ngoai viéc dé la mdt dung cu quang phd hgc ¢d ning
suit phan giai cuc cao, nd con duge dung jim budng cong huong quang
hoc laser.
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3.5.1. Cau tao

Giao thoa k€& Fabry — Perot gébm hai mat phang song song ¢6 do phan
xa cao, dat cdch nhau mét khoang nhat dinh.

D6 c6 thé 1a hai tam thuy tinh quang hoc bdn ma bac hoiac nhom c¢6
mat phan xa dat déi dién véi nhau trong khong khi va ciach nhau mot
khoang khong doi d. Khi sir dung trong quang pho hoc, d vao khoang tir
vai milimet dén vai centimet. Khoang cdch nay 16n hon nhiéu khi ding lam
budng cong hudng laser. Khi khoang cach d thay d6i duge mot cach co hoc
nhd dich chuyén mot guong thi dung cu dugc goi la giao thoa k& Fabry —
Perot. Khi hai guong dat song song mot kheang cach d ¢6 dinh thi dugc
goi 1a mau Fabry = Perot.

Vat phan cdch hai guong thuong 1a thuy tinh Invar hodac Quartz c¢6 hé
sO gidn nd nho. Hai guong s€ duoce ép chat 1én vit phin cach nay (hinh
3.21). Lép phan xa duoc ma trén dé thuy tinh dang ném c6 hai mat khong
song song dé tranh giao thoa phu khéng mong muén (géc ném o = vai
phut goc).

Mot tam thach anh hai mat song song, danh béng hodc ma bac ciing cé
thé dung lam mot méu Fabry — Perot.

Mau Fabry — Perot

— —

I

pEys

&y

Tém || ; b

khuéch tan
anh sang

Hinh 3.21. Cau tao va hoat déng cia mau Fabry — Perot

Trén hinh 3.21, mdu Fabry — Perot dugc chi€u sdng bdi nguén sing
rong nhu den Hg hoac chum tia laser He — Ne dugc m& rong vai cm nho
mot telescope. Hinh anh giao thoa trén man M la hé cdc vong tron sang
déng tam béan kinh tang khong déu. Dé thu dugc cdc van sdng cé do roi
déu, ngudn S thuong 1a mot tim khuéch tan déu dnh sing.
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3.5.2. Nguyén tac hoat déng

Hinh 3.22. Giao thoa nhidu chim tia

Khi chiu dnh sdng don sic 1én mét ban mong song song, néu mit trén
va dudi ban mong c6 hé s¢ phan xa cao, ta ¢d thé quan sdl thdy su giao
thoa ctia nhiéu tia phan xa ry, r,, r3... Ngoai chum phan xa, ngudi ta con
quan sat duge giao thoa cla cdc tia trong chiim tia khiie xa 1, (5 15...

Xét chiim phan xa trén ban mong. Tir hinh v& 3.22 dé dang suy ra hicu
quang trinh cua mot cap tia lién ti€p khi gap nhau tai P 1a: AL = 2ndcos8,,
(V&1 n la chiét sudt moi trudng gidta 2 mat phan xa).

Gia sir AL = mA, céc tiar,, 13, ... d6ng pha véi nhau tai P. Riéng tiar,
do bi dao pha khi phan xa nén s& bi nguge pha vé&i cac tia con lai. Gian dé
veclo biéu dién nhu trén hinh 3.23a.

Nhu vay, khi AL = 2ndcosB, = mi séng tong hop tai P cé cuong do bang
khong (cuc tigu giao thoa}. Ngwoc lai, khi AL = 2ndcosf, = (m + 1/2)4 cic
cap tia lién ti€p trong chiim phan xa ngugc pha nhau, trit tia r; v r». Tir
biéu dién vecto trén hinh 3.23b ta thay cudng do sing tdng hop duge tang
cuong dan téi cuc dal giao thoa.
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D61 véi chiim truyén qua, do khéng ¢6 hién twong dao pha trang thii
giao thoa chi phu thudc vao hiéu quang trinh.

B E;
> Er2
—
E Er3
~—— 73 ——
-— Er3 -
-
E=0-1=0
E,
I = |max
Hinh 3.23a Hinh 3.23b

Néu AL = 2ndcosf, = m}, céc tia truyén qua déng pha cho cudng do
énh séng téng hop cuc dai.

Néu AL = 2ndcosB, = (m + 1/2)A, timg cép tia nguoc pha triét tiéu l1an
nhau dan téi séng dnh sdng tong hop cuc tiéu.

C6 thé thdy ro diéu kién giao thoa cho chiim phan xa va chiim khdc xa
ddo nguge cho nhau. Sau day ta s& tinh biéu thitc Cuéng do séng téng hop
cho chum phan xa va chiim khiic xa:

Ky hiéu: t 1a hé s6 truyén qua bién do khi séng téng hop di vio ban
mong; t’ la hé s6 truyén qua bién do khi séng tong hgp di ra ban méng; r 1a
hé s6 phan xa bién d¢ & mat trén ban mong; r’ 1 hé sé phan xa bién do &
mat trong ban mong.

Do phan xa ngoai ban mong bi dao pha nén r = — r’. Ding biéu dién
phitc cho séng dnh sdng ta cé thé vidt: E; = E(,.cimI (séng tdi)

Bi€u thiic séng clia cdc tia phan xa tai P 1a:

E, = Eyr.e™
E,=E;tr.te
+E3=Eytre

(00~ Ap)

(e — 2A9)

- P
Epy = Egtr@N 73 p 0= (N = Dol

s e — il 22 —id
E =E,eir+rate 11+ e "4

22— iAP.2 2~ ibeN -2
F(rle TN 4 (rle TN T
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Chu ¥ 1a: r” ludn xudt hién véi s6 mi 1€ do s6 1an phéan xa trong la 1¢.
A@ 12 higu s6 pha gira hai tia phan xa lién ti€p Ap = (2n/A).AL.

Néu s6 hang: r'le” P vasG 56 hang trong tong trén 12 vo han th
chudi s6 nay hoi tu va bicu thic séng téng hop la:

. » Foae e
E =Ey e |ra 0

r 1 — l_u'! a” 1A
Gia sit moi trudng bin mong khong hip thu dnh sdng, véi chi §:r= - '
o e LR
thi tt’ =1 ~71". Taco:
. = 1A
L oop oot fd=e )
= Eo | _p? oride

Cudmg do séng phan xa I, tai Pkhidé 1a: [ = E_E, /2
B Eél’z(l . e-—i..-'\[|7 )(l _ e+l.\(p)

(P e R etiey

1

bacl, = E02/2 — 1a cudng do séng tdi, sau bién doi ta cé:
2r2.(1 —cos Ap)
"ty =217 cos Ao

Tuong tu ta cé thé tinh duce cudng do séng tdng hop cliia chiim truyén
gqua tai P* 1a:

[ =1

r

- — T 0]
E,,=E;tt’e

. 2 o —A
E[2=E0.I,I’I‘-’ .cl(lt @
o4 ey — 24
+ E[:{ = Eo.t‘t,.lv .el( ' ®)

3 H s a2 - HES T _ A
En=Eytt'r (N= 1) pilot— (N~ 1)Aq)

t [I e—iﬁL’]
E = E. ¢ —— |
(= Epee 1— 1,2.e—|i‘.[p

[ chudi | + (e B 4 4 (rle IBON-I_ [—,]—yp—}
l—rcc™™

Lay lien hgp phirc, sau bién doi ta ¢é biéu thic cudng do séng 16ng
hop ctia chum truyén qua:

. l.l.(u')2
(1+r4)—2r2 cos A
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V&i gia thiet moi trudng khéng hap 1hu.:
t + 1= LvachiycosAp=1- 25in3(A(p f231a co:

[2r/(l —rz)]2 sin“{A@/2)

r

s [21- /(1 ~r? )T Sin®(Ag/2)

I, =L l -

Y +[2r/(1 —rz)]2 sin2(Ap/2)

Ky hiéu F = {l,—} ~ goi 1a h¢ s6 tinh t& F.
_]"‘

Ta ¢6 thé vict lai hai biéu thic trén nhu sau:
I, Fsin®(A@/2)

I, 1+F.sin’(Ag/2)

2
1«‘:( qu] _ 4R2,R=r2
l-r")  (I-R)

! Co

T 7 = A(8) - con duge goi la ham Airy
I, I+Fsin“(Ap/2)

4 2
vol I = 1,5/2;

R=r’la hé s6 phan x4 cudng do
Nhu vay ta c6

-i‘—:A(e); %:1—;\(9)

Tir day ta ¢6 thé biéu dién su phu thuoe clia cuong do dnh sdng giao
thoa cua chim truyén qua va phén xa theo hiéu s§ pha Ae (hinh 3.24).

2 )
Do A = ﬁﬂ.AL vd AL =2ndcos0, =2d\/n’ —sin’ @,

I

nén ham Airy phy thude vao géc 0,. Vi nhimg géc nghicng xac dinh cia
chum sing t6i trén giao thoa k& ta cé thé thu duge cdc van giao thoa sac
nét, hep khi hé 6 phan xa r cao (hé s6 tinh t8 F 16n).

Khi quan sat giao thoa clia chim truyén qua cdc van séng hep néi lén
trén mot nén t6i rat dé quan sit. Nguoc lai, trong giao thoa clia chiim phan
Xa, ta s¢ quan sat duge cdc van t6i hep trén nén sdng. Vi vay trong thue (€,
ngudi ta thudng sir dung giao thoa véi &nh séng truyén qua.
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05

0

—2n

o pmmmreemsmm—— e - o ST

2n 4m Ap

Hinkh 3.242. Phan b8 cudng dé anh sang giao thoa ddi vdi chum truyén qua

l;
Ham 1 - A(}

—2m 0 2n 4n Agp

Hinh 3.24b. Phan bé cuéng 45 anh sang giao thoa ddi vdi chum phan xa

3.5.3. Cac dic trung cua giao thoa ké&
a) Khodang cdch géc giita cdc vin sdng
Theo diéu kién giao thoa cuc dai d6i v6i chilm sdng truyén qua:
AL = 2ndcosd, =mh; m =0,1,2... 3D

Xét chiim sdng téi don sdc A khong déi. Lay vi phan 2 vé& phuong trinh
trén theo 8, va theo m ta duge:

- 2nd sinB,.A8, = Am.A
Véi Am = — | suy ra: AB, = A/2nd sinB, (3.2)
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Nhu vay khi mdu Fabry — Perot ¢6 khoang céch d nhé thi cdc van tron
sang giao thoa cdch xa nhau hon va khi géc t6i 0, tdng, sind, tang, AO, giam -
dan dén khi ra xa ddn tam tron céc van sdng xit gan lai v6i nhau hon.

Dé dang thdy ring ban kinh ctia van tron sdng giao thoa nay sé la:

R, = f.tgh,
Trong do f 1a tiéu cu thau kinh hoi tu st dung.

M&u Fabry — Perot thach anh
M&u Fabry — Perot khong khi

6, >0,

‘ f
6,20 . c | P
\..____i___/:
<

Hinh 3.25. Su tao thanh van giao thoa

Cang tir diéu kién giao thoa cuc dai ta cé:
cosO = mA/2nd.
Véi gid tri m 16n s& ng véi géc 6, nhod. Nhu vay cdc van giao thoa &
.gdn tam c6 bac giao thoa 16n hon & xa tam.
Gia sir tai tam hé van ing v6i 6, =0, 6, =0, cosO, =1 tir (3.1) ta ¢6
m = 2nd/A 1a bac giao thoa 16n nhat.

b) D¢ tan sdc

Khi nguén sing khong don sic, tir diéu kién giao thoa 2nd cosf, = mA,
ta thdy clng bac giao thoa m, cic séng don sic véi A khdc nhau sé hinh
thanh & cédc vi tri ing véi géc O, khic nhau din dén tén sic 4nh sdng. Van
giao thoa tré nén c6 mau sic. Néi cich khéc 1a giao thoa k& Fabry — Perot
6 khd nang tan sic dnh sdng.
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L4y vi phan hai v€ biéu thie 2ndcosd, = mx theo 0, va A tuong ung
ta duoc:
-2ndsin0,.A0, = m. Ak .
b6 tin sic theo dinh nghia la:
e a0 m
|ax| | Ax|™ 2ndsin®,
Chd y: 6, = 6, khi khodng khong gian d 1a khéng khi.

MAau Fabry — Perot thudng ¢é d nho. Khi lam viéc véi géc (61 8, nho,

(3.3)

bic giao thoa m 16n s& ¢ do tan sic rit cao.
¢) Po bdn rong géc v va do tinh té' ]

Su giam do roi vé hai bén dudng phin bé cuc dai giao thoa cing nhanh
thi van giao thoa cang hep. P hep ndy duge dénh gid bang do bidn rong
géc y cua dudng cong phan bd cudng do6 sdng theo Ag. PO bin rong gdey

14 do rong gdc cua dudng phan bé nay (tinh bang radian) khi I1=1_, /2

[SVHE ’
Trong biéu thitc cudng do dnh sdng giao thoa cba chiim tia truyén
gua, néu thay [ =1 ta co:

i

l

| +F.sin’ [A(p]
2

Hinh 3.26 mé ta phan bd cudmg do 4nh sdng cta hai van giao thoa k&
ti€p theo Ag. '

Il/llmax = A(G) =

Al0) 4

—

e

W2 +mix

¥

m.2n {m +1)2s Ap

Hinf 3.26. D% ban ring goc cla vin giao thoa
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Céc cue dai bac m tng véi Ap=m.2n. Tir hinh 3.26 ta thiy nira cuc
dai ing vdi s6 gia A =v/2+2mn. Thay gid tri ndy vio him Airy ta c6:

AO) = : _ 1 1
o2ty 2 Y 2
1+F.sin S4+2mm (/2 1+ F.sin“| =

2 4 :
Suy ra: sin(y/4) = L
N N

’) el
Heé s0 tinh t&€ F = ( Hrj ] __4R - trong dé R =1~ la hé sd phan xa
1=~ (l—R)_

cuong do.

Ta thay khi R 16n, nho, sin(y/4) *’%

1
JE
P e ¥ I 4
Dan dén — == Y=
4 JF JE
Nhu vay, néu R I6n, F 160, thi dang clia dudng phéan bs cuce dai cudng
d6 anh séng giao thoa cang sic nhon.

(3.4)

Ty s6 giita khoang cdch géc clia hai cuc dai lién ti€p v do bén rong
goc goi 1a d¢ tinh 1€ (hay la dé nét),
2n - T1vF

— A=

¥ 2

Thong thudmg, gid tri I cla cdc miu Fabry — Perot trong viing pho
kha ki¢n ¢& 30. Chd y 1a khi do tinh (& 1ang, do ban rong van giao thoa hep
hon nhung tuong (ng cuong dé cuc dai 4nh sdng giao thoa truyén qua sé
gidm theo (vi R tang thi T gidm do tdng R + A + T = 1). Gi6i han vat ly
cua gid tri 3 quy dinh bdi tinh song - phing ciia hai mat phin xa trong
giao thoa k& (tinh song — phing ciia hai guong gidi han do6 16n cia 3 ).

(3.5)

d) Gidi han phdn ly va nang sudl phdn gidi

Gidi han phan ly

Giao thoa k& Fabry — Perot thuding duge sit dung dé kiém tra ¢iu triic
tinh t&€ vach phé. Trong trudng hop dnh sdng khong don sic, do roi cua hai
cuc dai giao thoa cling bac m clia hai budc séng don sic A v L ¢6 thé mot
phan chéng chat 1én nhau (hinh 3.27).
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Hinh 3.27. Cudng db van sang téng hgp

Khi nao.thi hai cuc dai cta hai d¢ roi duge xem phan ly? Ngusi ta phai
dung mat tiéu chuén chung cho cdc dung cu tén sic, dé 1a tiéu chudn cla
Lord — Rayleigh. |

Tiéu chuadn Rayleigh: Hai vdn giaé thoa dwoc xem la vita diu phdn Iy
khi do roi 16ng cong cita cd hai van ¢ tam ciia van téng hop (diém yén

o 8 » . 7 .
ngua) bdng — lan do roi 1éng hop citc dai.
s

Diéu nay c6 nghia 1a ngudi ta s& thly mot van sing tdng hop cla ca
hai van v8i ving xdm & gitra. _
D¢ thuan tién ta thay ky hiéu d¢ léch pha Ag bing 8.

Xét truong hop hai van thanh phan a va b véi bude séng & va A ¢6
cuong do biang nhau:

(lil )mux = (Ib )nmx '

Céc cuc dai trong d¢ roi tong hop I, xudt hién tai =5, va §=3, c6

do roi bang nhau.
(In )l'l'lll)( + ll :(Ih )lﬂﬂK +II =(I[ )lnﬂx (36)
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Tai cdc diém yeén ngua (ting véi 5=35, +%§), do roi t6ng hop hai

C 8 .
thanh phan bang — cla (I[)nm nén ta co:
T

Ok Dol o
Ch ¥ 1a:
(I;]I)nm B [A(e)]aﬂsuma (3.8)
Tir (3.6) suy ra:
1 P Dma = Wi L (3.6")

The (3.8) vao (3.6°) 161 thay vao (3.7). Sau khi gidi (3.7) véi chd y la
tri F 1dn ta dugc:

4,2
AS=2E ny (3.9)
JF

Day la sé gia do l&ch pha nho nhit (Aﬁ)min phén tich hai van giao thoa

c6 thé phan ly duoge. Gid tri nay lién quan dén gid tri cuc tiéu cha s6 gia
budc séng clia hai cuc dai sing con phan ly duoc theo tiéu chusn Rayleigh,
(AXy) = (AX),,, hay con goi 12 gidi han phan ly.
Nang suit phan gidi R .
Cuc dai giao thoa xudt hién khi Ap=38=2n.m nén A8 =2m.Am hay
1 2n
Am A8
Diéu kién cuc dai giao thoa d6i véi dnh séng truyén qua la:
AL = 2ndcosB, = mA.
L&y vi phan 2 v€ phuong trinh ndy ta duoc:
0=mAA+A.Am
dan dén s -
Am
Dau "-" c6 thé bé qua vi chi ¢6 nghia 12 bac m tang khi A gidm.
Khi do lech pha § thay déi 2 thi bac giao thoa m thay déi trong tng 13 1
(Am = 1). Vi vay:
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2
n_t o A_ 1 _Zmm (3.10)
A Am Al Am AD

Nhu vay, s&§ gia do léch pha nho nhat (AS) .

min

tuong ung vai s¢ gia

buée séng nho nhat (Ak,) = (AR),;, (gidi han phan ly).
4.2

min \/E

A :2n.mbﬁ n\/ﬁ.
Al 4.2 2

Khi Ak = Ahy —> A8 =(AS)

e . - "A' . " - L » !
Ty s6 M = —— goi la nang suit phan giaj ctia dung cu quang pho.
0

Vay W=3TJ.m HERRD]
trong d6 : I — do tinh t€, m — bac giao thoa.
V&i chiim sdng téi gan vuong géc 8, nho, cos8, =1 thi:
2nd = mi —-m = @i R =73 2nd
A A
Vi du véi budc séng A = S00nm; n.d = 10mm, R = 90%, nang suat
phan gidi clia giao thoa k& Fabry — Perot vao ¢& 10°,

(3.12)

¢) Ving phé tu do

Khi séng dnh sdng khong don sdc ¢6 buée séng thay déi lién tuc tir &
dén A+ AX thi tuy theo gid tri do rong phé AX khoang cich gitra hai van
sdng lién tiép co thé bi 1ap day. '

Khi A) tdng vdn sdng bdc m ciia budc séng )+ Ak s€ 1ién t6i tring
vai vdn sdng bdc m — | clia busc séng A. Hidw bude séng Al ting voi si

triing vi tri ciia hai van sdng & trén diege goi la viing pho ny do (AK)M_.

Theo (3.10), su thay d6i A3 tuong ting v6i (AL), ¢ gid trila A5 =27

A 2nm A
—_—= -
Al Ad (A?L)

fsr
= (Ar)  =— | (3.13)

V&i goe 16 nho (chidu sdng gin vudng goéc) ta ¢d cos0, =1 nén:
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2nd = md —> rn=2—;Lld

kz
= (Al)fsr - m

R3 rang 13 néu ¢é ¢ dinh ting nang suédt phan gidi bang cdch tang d

(3.14)

mot chiit thi ving phé t do gidm dén téi tring nhau gifta cc bac.

A ry
Tu(3.11):RR=—=Tm va(3.13) (AL} =— suyra:
(3.11) A (3.13) (), — suy

(Al)fsr
AL,

& day AA, la gidi han phén ly.

=3

Giao thoa k& céd Ak, cang nho, (Al)m_ cang 1ém thi do tinh 1€ cang cao.

Mat khdc, vdi I xdc dinh Ak, nho thi (A?\)fsr nho. Ta ¢é thé chuyén

sang thang tan s v nhu sau:

V=£—> ‘Av‘z C.A—i\'
c C
Av, = a{A = }
Y 3.2nd va ( )fs’ 2nd

Trong thang 56 séng

-1 - 5 . | N
v=—; AV=AL[/AS; AV)y, = ——=(cm
y / AV 21‘1d((wl )

3.5.4. Mot sd vi du
a) Mdu Fabry — Perot khéong khi

Trong k¥ thuat laser mau bang hep, sau khi ding cdch tr d€ chon. loc
vi didu huéng bude séng, dé ¢ do rong vach laser hep hon nita ngudi ta
dvua thém vao buéng cong huong mot mau Fabry — Perot (intracavity
ctalon). D& lam giam do6 rong vach laser ta ¢dn mét miu Fabry — Perot ¢6
gidi han phan ly nho. Péng thsi dé laser hoat dong don mode can ding
méu Fabry — Perot ¢6 viing pho tu do réng. Vi vdy ngudi ta thudng chon
miu Fabry — Perot khong khi (airspaced etalon). Vi du trong hé¢ laser mau

cla hang Lambda - Physik véi cdch tr, do réng vach phd laser la
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0,2cm ' .Nhung néu ding thém mot miu Fabry — Perot khong khi trong
bubng cong hudng dé rong vach laser phét ra co thé nho hon 0,04cm .
Mau Fabry — Perot nay cé khoang khong khi gitta hai guong day lmm,

. - 1 . : .
twong dng dd rong pho ty do 1a (Av)g, :-;;l—a(cm W=lem™ . V6i he 56

tinh t& t3i thidu la 25 nén gidi han phéan ly va do dé do rong vach phé 1a
AV <0,04em '

Phd cach to

Phé mau
Fabry — Perot

do réng phé t do cda
méau F - P

J\f\/\ N

Phd faser mau mode kép

Phé laser mau mode don
Hinh 3.28. Ung dung clia mau Fabry - Perot trong ky thuat laser mau bang hep

Guong cta miu Fabry — Perot nay gom 3 ving tao boi 3 16p ma vai
phé phan xa twong ung 12 320nm — 450nm; 420nm - 640nm; v 610nm --
860nm véi do tinh t& tr 25 dén 30. Nhd vay, né co thé hoat dong duge tir
mién séng tlr ngoai dé€n hong ngoai gdn. Céc mau Fabry — Perot khong khi
(airspaced etalon) thuémg'cé dd tinh t€ cao hon miu ran (solide — state
etalon) do ¢é sir phi hop 6t vé do phan xa cua hai guong. Trong mau
Fabry - Perot khong kht, hai guong gidng hét nhau nhd duge cit ra tir ciing
mot 14m ma phan xa trong khi déi véi mau rin hai 16p ma duge gia cong
trong hai 1dn khdc nhau. Gid thinh cGa mau Fabry — Perot khong khi dit
hon méu ran.
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b) Mau Fabry — Perot thach anh

Dé kiém tra ché do hoat dong ding cla laser mau bang hep ding méu
Fabry — Perot nhu trén hodc do dé rong vach cla laser nay ta cin mot mau
Fabry — Perot khdc c6 ving phé tu do 16n hon do rong vach laser (monitor
ctalon). Trong truong hop kiém tra ché do hoat dong don mode cia laser,
dé d& t6n kém. ngudi ta thudng dung mau Fabry — Perot 1am bang thach
anh v6i do tinh t&€ vao 10 1a di. Trén hinh 3.29 13 mot mau Fabry — Perot
lam bang tdm thach anh day 5,1mm, hai mat duoc phu céc 16p dién moi
thanh 3 16p c6 do phan xa t6t cho 3 viing phd 320 — 450nm: 420 — 640nm
va 620 — 860nm, viing phé tu do 12 0,67 cm ™.

Hinh 3.29. Mau Falb!'yr Perot thach anh phi 3 I6p dién méi phan xa tot
cho 3 viing phé 320 — 450nm; 420 — 640nm va 620 — 860nm.

Dé do do rong vach phé laser ta cin miu ¢6 nang sudt phan giai da
cao, thich hop vé6i do rong vach cin do va c6 thé dung cong thirc sau day:
8.(AV) . -D2-AR,

AV = 1 (3.15)
D} -D?
_4.(AV) AR,
Hoac AV =— Jfsr 2 (3.16)
D; -D,

Thu anh van giao thoa tao bdi méu Fabry — Perot, do cdc duong Kinh
D,, D; ctia van thi nhat va van thi ba tinh tir trong; do do rong van thi hai
AR, ta s& tinh duge AV va dédnh gid duoc do don sic clia chim tia laser.
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Céc cong thic nay cé thé ching minh nhu sau. Su dung 1y thuyct giao

thoa nhidu chium tia, ta c6 diéu kién giao thoa cyc dai la:
2dyn? -sin® 0 =mi

Do tia sdng di gin nhu song song v6i quang tryc nén © rat nho va

sin@ = 0.
Ta cé
|
2dvn? —sin? @ = 2nd1/1 SR 0. 2nd£1 —9—2]h
n n
Vi
2 2 3
1 )
%—«1 — 2d+/n? —sin* 0 ~ 2nd 1——92— =2nd—9—0—
n 2n n
Suy ra
d.6”
2nd - 0 =mh (3.17)
n
Ta lai c6:
} 0
o R L pgBR 20D,y 240 AR
[ f n.m nm f
Theo dinh nghia:
.1 _ Ak 2d 0.AR
Ve=——=Av=—>= RS
A by ndg mf
Véi 0= E AV 2d : .R‘?R _ d.D‘,?R2
f m.nk, f nam.Ag.f

Ciing tif didu kién giao thoa cuc dai: 2ndcosf =mh,

Xét tia sdng di ghn truc thi

cosP=l=>m= 2nd
}\’0
Vay
D.AR
o — (3.18)
2n% Aq.f?
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Mat khdc ta cé:

_ _d (Av),_ .DAR
(av), LA _d{ )i . (3.189)
" 2nd n A f
Tir cong thuce (3.17)
' 2
2r1d—9'—§-—=m7t0
n
Véi o-X. ¢ R
f f2
dR?
tacod 2nd-——4+=m A
_ n.f* e
dR?
2nd — 2 —m,.A
n.f? 3o
d (h2 52
;f—Z(R3—Rl),2xo
Suy ra
_d Y
%0 = 2l (RI-RY)
d 2 2
Hay hg=——ID;-D (3.19)
° 8nf2( ’ 1)

Véi my, Ry, Dy, ms, Ry, Dy 14n luot 12 cde bac, bén kinh, dutng kinh
clia van thit nhédt va van thit ba.

Thay vio (3.18') ta cé:
8.(AV),, DAR  8.(AV) D,AR,

Av = = .
""" pi-p (D,-D)(D;+D))
4.( AV AR
14y Dzzg’;;-&im"’z—%v)%[)—ln
3 i

Véi D,,AR, la dudong kinh va do réng clia van giao thoa thit hai. Day

12 cdc cong thic (3.15) va (3.16) can chimg minh. D& thu duge anh giao
thoa ta ¢é thé ba tri theo sa d6 hinh 3.30
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Mau Fabry — Perot \ Man
Thau kinh (~50mm) 1, '
S | -
-.\\ i
NGUONLASER -"ﬁ[' S
m i’ 1 D D._‘
| 1 ,l b L1 : -
'. ¢ FOte ¥
: E .” i ] \
| ! VAT KHUECH, TAN PN
! i ! ! THEL KINH
! Lﬂ———blq-—b !, ’ s
16cm 16cm ! f=4m :

Hinh 3.30. S6 d6 bé tri thi nghiém thu anh giao thoa va hé véan giao thoa
clia Laser He — Ne 632.8nm thu dudc vdi mau Fabry — Perot thach anh
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Chuong 4 ,
MAY QUANG PHO

4.1. MAY QUANG PHO PO BUC XA

Trong quang phé bifc xa, mau nghién ctru dige kich thich phat sang
bang nhi¢u cdch khdc nhau (hé quang, tia dién trong phan tich phét xa,
kich thich bang chiéu sdng trong huynh quang, tin xa Raman...). Tuy theo
nang lugng kich thich cdc phén ti ¢6 thé phan ly thanh nguyén tir v do réi
bic xa hodc bic xa ngay ¢ trang thdi phan tir. Do dé bic xa phdt ra ¢6 thé
nam trong ving tir ngoai, kha ki€n hoac héng ngoai. Bc Xa nay mang
théng tin vé mau nghién ciru c4n duge phan tich bing mot may quang phé.
Ngudi ta can biét cdc thanh phdn don séc ciing nhuir phan b8 cudng do biic
xa cua ching theo budc séng. Cdc mdy quang phé do bitc xa s& ddp ung
nhitng yéu cdu nay. Bo phan chinh trong mdy quang phé 12 hé tan sic. Ty
theo bifc xa can khdo sat ndm trong viing phé nao, cutdng dé manh hay yéu,
cdn nang sudt phan giai cao hay thip... ta phai st dyng may quang phé c6
cdu tac phu hop. Chéng han néu bitc xa nghién ctru 1 tl ngoai thi lang
kinh, thau kinh phéi bang thach anh dé truyén qua t6t viing phé ti ngoai,
néu cén ning sudt phan gidi cao thi phai dung cdch ti thay cho ling kinh...

Trén thyc t€ ¢6 rat nhidu loai may quang phé cdu triic khac nhau, tuy
nhién vé co ban cdu tric gom khe mdy 161 vao, hé tin sic, khe may 16i ra
ket hop v6i mot he thu phd. Trén hinh 4.1 [ mot so d6 mdy quang phé khd
dién hinh.

Thong thudng trong may quang phd, ngudi ta st dung mot khe & 16 ra,
két hop v6i mot méto bude lam quay cdch tir, ting thanh phan don sic ca
pho s& Judt qua khe va duoe thu trén t& bao quang dién hoac nhan quang
dién. Mdy quang phé hoat déng nhu vay dugc goi la may quang phé don
kénh. Nang lugng anh sdng thu duge chuyén thanh tin hiéu dién, sau khi
khuéch dai c6 thé dua vao mdy tu ghi hoic xir 1y va sd héa réi hién thi trén
man hinh mdy tinh.
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Néu téch roi hé thu phd chi c6 khe séng 16i-ra thi mdy quang phé goi
12 mdy don séc, cho cdc 4nh sdng don sic sau khe 16i ra. Diing nguén sng
phd lién tuc chiéu vao khe mdy 16i vao, quay cach tir ta s&€ dugc cdc budc
séng don sic khdc nhau & 16i ra.

Hinh 4.1. S0 dé may quang phé MS — 125 (Hang Oriel — USA)
1 — Khe may I6i vao; 2 — Guang cdu chuan tryc; 3 — Cach tir dat trén gia
quay vi chinh; 4 — Guong cau budng t6i; 5 ~ Khe sang I6i ra.

Mot dac trung quan trong clia mdy quang phd 1a ning sudt phan giai
ciia mdy. Vi mot cdu hinh xdc dinh thi nang sudt phéan giai cia may phu
thudc vio nang suit phan giai ctia hé tdn sic (cch t, lang kinh) va nang
sudt phan giai ca CCD trong trudng hgp thu da kénh. Ta c6 thé thay doi
céch tir v6i s6 vach khéc nhau dé c6 dugc nang sudt phan giai mong muén
trong viing phé 1am viéc. Thong thudng cdc nha san sudt mdy quang pho
déu goi ¥ mua kém theo mot tap hgp céc cach tir 1am viéc & cdc vang phd
khdc nhau véi s6 vach/mm khic nhau. Céc cich tir holography c6
1200v/mm, 1800v/mm hoac 2400v/mm trong khi céch tir thong thuong chi
tir 600 — 1200 vach/mm. Céch tr phan xa déu c¢6 budc song phan xa manh
nhat dédc trung va hoat dong trong mot ving bude séng nhat dinh.
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Khe mdy (161 vao va I8i ra) cling 12 mot bo phan quan trong anh hudng
dén ndng sudt phan gidi va chat lugng phd thu duge. D6 rong khe can duoc
thay d6i thy theo cwdng do dnh sdng t6i. Thay ddi do cao sir dung clia khe
161 vao cho phép khao st phd & cde ving khdc nhau cha nguén sdng.

Véi mdy quang phé MS — 125 d6 rong khe vio c6 thé thay déi tir
25 = 1500um va do cao tir 3 - 12mm.

Khéc v6i mdy quang phé don kénh, trong mdy thu phd da kénh, & 16i
ra khong ding khe sing ma dat truc tiép mang diode (Diode Array PDA
hoac CCD (Charge coupled device) ~ xem chuong 5 vé nguén thu) thu
dong thoi 1oan ho phé cla tin hi¢u dnh sdng téi. Phuong phédp chup anh ¢o
dién thyc chit ciing 14 thu phd da keénh, tuy nhién thay vi pho duge xtt Iy va
hién thi trén man hinh mdy tinh chi 12 ¢dc vach phé véi do den thay doi
trén nhi tvong kinh dnh. Cic t4m PDA hodc CCD duoc dat trén mit phang
tiéu cua bubng 16i s& chuyén tin hiéu quang cla phd da dwoc phan giai
thanh tin higu dién, sau x& 1y tin hiéu duoc hién thi trén man hinh. Trong
trudng hop nay he tan sac (cdch tiry duoc dat ¢6 dinh, khong cén quay boi
mot moto budce. '

Cong ngh¢ quang — dién tir hién dai di cho phép nguol la ché two
nhimg mdy quang phé 4nh (Imaging Spectrograph) thu pho duéi dang vach
pho6 nhu trén kinh 4anh nhung hién trén man hinh may tinh. Khong nhimng
thé, néu st dung do cao clia khe nhiéu tin hiéu quang duoc dong thei dua
vio (bing cic soi quang). Khi d6 phé cla nhiéu tin hi¢u dong thoi duoe
hién thi trén man hinh monitor dé so sdnh va phan tich.

Hinh 4.2.Vi du vé mét hé thu phé Raman cda hing Oriel. USA
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_ truc phef N 3 0 ‘ ‘h’uc khong
| (s pixel) gian(pixel) | %

Hinh 4.3, Phé thu dudc tir may quang phé da kénh

Dé ¢6 dugc ning sudt phan giai cao ngudi ta ché tao cic mdy quang
phé céch tir kép. Trén hinh 4.4 trinh bay so dé quang hoc may quang pho
cdch tir kép GDM — 1000 (Carl Zeiss — Jena — Germany).

Mady GDMIOOU gobm hai cach tr c6 651 vach/mm véi kich thude

60 x 110mm”.
Do rong khe vao va khe ra: 0 + 3mm.
Do cao khe vao va khe ra: 0 + 100mm.

bl -
100 7, \Z]B

Y

@—@&

Hinh 4.4, S0 dé quang hoc clia may don sac cach tif kép GDM — 1000
1 — Khe vao: 2, 8 — Gudhg cau Iom; 3,9 — Cach tir; 4, 7 — Guong phan xa;
5 Bo bién diéu; 6 — Khe trung gian; 10 — Khe ra.
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Cac guong cdu 16m c6 tiéu cur 1100mm.
Mdy quang ph6 quét duge ving phé bac nhat: 7500 =+ 16675cm™ ting

v6i 13300 +6000A°: ; viing phd bac hai: 16675 + 28700cm ™ trng véi 6000 +
3600A°,

Khodng dat b6 dém séng: phé bac nhat 7500em ™" +17500cm ™" tng véi
13300 + 5710A" phé bac hai: 15000 + 3500cm ™" dng véi 6650 = 28554,
56 song tip trung nang luong 16n nhat 1a 11500cm™’ ung voi budc song
8700A°.

Khoang cich giifa cdc xung ddnh ddu:
+ phé bac nhat: 20, 100, 500cm ™"
+ phd bac hai: 40, 200, 1000cm™

Mdy quang pho GDM - 1000 clia Carl — Zeiss Jena hoat dong theo
ch€ do tur ghi. Sau khe 16i ra 12 mot nhan quang dién thu tin hiéu phé. Nhan
quang di¢n si dung la loai M12FC15 cé viing phd 1am viée tir 3600A° dén
6650A°, Néeu diing budc séng 4880A° cla laser Argon kich thich phé tin
xa Raman thi cdc vach Raman ciia hdu hét cic chat déu nam & lan cin
mién cue dai chia nhan quang dién nay.

Tin hiéu phé duge khuéeh dai réi duoc dua dén bo phan ghi phd. Thiét
bi ghi phé6 la boé phan tu ghi hoat dong trén co so bién déi tin hiéu dién
thianh chuyén dong co hoc lam cho bit vé ghi lai dang cua tin hiéu lén
bang gidy. Day 1a hé tu ghi thudc thé hé nhimg nam 1970. Phong thi
- nghiém Quang lugng tir Trudng Pai hoc KHTN Ha ndi da cai tién nang cip
h¢ médy nay thanh hé mdy quang phé ghép néi véi may tinh déng thoi sir
dung k¥ thuat khuéch dai lock - in 1am tang do nhay cla mdy.

Trong ch€ do ghép néi mdy tinh, dé quét budc song mot moty co 200
budc (twong ing vai 1.8%1 buéc) duge ghép truce 1i€p vao cdn truyén dong
lam quay cdch tlr tai ngay vi tri cda bo phan tu ghi. M6 to ¢6 dién dp mot
chi¢u 16i vao 1a 5V, dong 1a 1A, Moto nay thay cho moto clia bo phdn tu

ghi ¢6 nhiém vu quay céch tir. N& dugce diéu khién bing mdy tinh qua cong
LPT (hinh 4.5).

Bo khuyéch dai lock — in 1a thiét bi thu va do nhimg tin hiéu xoay
chiéu nho ¢& vai nano von. Phép do chinh xc ngay ¢4 khi tin hiéu nho bj
lan vao hang ngan nguén nhiéu trong thdi gian dai. Bo khuéch dai nay cho
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dong mot chiéu & 16i ra ty 1& véi tin hiéu khao sat. Tin hiéu mot chi€u nay
c6 thé duoc hién thi trén céc panel s6 hay trén man hinh mdy tinh. He thiét
bi nay sir dung bo khuéch dai DSP lock — in SR — 830 (Stanford, USA).
Nguyén tic hoat dong ctia khuéch dai lock — in dugc trinh bay 0 chuong
sau. Trén hinh 4.6 13 so d6 khdi clia he mdy quang pho nay.

,;_ ca; =
e O 1
?‘ | M al '
s 1 ds _%i!
St 1 B 1
i 4Dt
e: B My"! 1l
5 —D‘“T_
\’ f.__& &
Ly e
) ”’"‘ "
Do
¥
. ULN 2863

.................

Signal In
| CPU I P e L]
b
LPT GPIB interface -
Port
SR830Q <+
lock — in
amplifier T
Chopper Step
Signal Motor

Hinh 4.6. S0 dé khéi hé may quang phé ghép ndi vdi may tinh ding
khuéch dai lock — in
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Dé thiét k& he may quang phé cich tir kép ngudi ta ghép néi ti€p hai
hé don sic giong hét nhau, vi du nhu hé mdy quang pho cich tir kép
MS257 model 77719 cta hiang Oriel (USA). So dé quang hoc clia hé mdy
nay dugc trinh bay trén hinh 4.7. Viéc ghép néi ti€p gilp lam ting quang
trinh. Nédng suét phan giai va do dé 1a gi6i han phan ly tot hon mot may
don. Phé 161 ra clia mdy don sic tha nhat dugc tan sdc mot 1an nita boi méy
don sac thi hai. V& ly thuyét néu loai trir dugc quang sai, hé don sac kép
cho d¢ tdn sic gp hai lan hé don. Cu thé trong trudng hop nay mot may
don sic MS257 mode 177719 ¢6 do tén séc 0 ,31lmm/nm, giGi han phan ly
0,10nm khi ghép thanh hé don sac kép s& c¢6 do tan sic 0 6’3mm/nm gidi

han phan ly 0,07nm.
\14mm 2,8mm

Cach tr

Céch tir

Guong quay

Khe séang 16i vao va IGi ra

O

| w—— 1

Hinh 4.7. Hé may don sic kép MS 257 model 77719 (Oriel.USA)
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4.2. MAY QUANG PHO DO HAP THU

Co s& ciia quang ph6 hap thu 13 dinh luat Lambert — Beer. Khi chim
sang cudng do 1, truyén téi mot moi trudng do day 1, do anh sang bi hép
thu mét phén, cudng dé dnh sdng 161 ra con lai la 1. Néu cudng d6 4nh sang
tdi khong 16n va néu cac hién tugng phan xa tén xa khong déng ké thi
cuong d¢ dnh sdng 161 ra tudn theo dinh luat Lambert nhu sau:

I = Ij.exp (—kl}

trong dé k 1a hé s6 hdp thu phu thudc vao budc séng dnh sdng, ban
chit mai trudng hap thu va ndng do chat hip thu C. Theo Beer: k = a.C.

Két hop lai ta ¢ dinh luat Lambert — Beer: 1= [ exp (—a.Cl).

Théng thudng trong quang phd hap thu ngl,rﬁri ta do d¢ truyén qua T = I/,
hoac do hap thu

A =-logT =-loglexp{ —a.Cl}} = (x.Cl)Jog e = 0,434 (a.C1).

Néul=1lcm,C=1mol/ltacdé A = .

Dé xdc dinh do hap thu A theo buée séng phdi dung dén mdy quang
phd hip thu. C6 thé chia miy quang phd hap thu 1am hai loai:

— M4y quang phé mot chiim tia (sci.d(‘i hinh 4.8a)

— Mady quang phdé hai chlim tia (s d6 hinh 4.8b).

Trong mdy quang ph6 mot chum tia phai do hai 1dn: mot 14n véi cuvet
chi chita dung méi, mot 14n vdi dung dich cin phan tich. Trong ca hai ldn
do phéi gilf cudng do chim sédng tdi khong déi. Diu nay 1a khé dam bao
va din 16i két qua khéng chinh xdc. D€ loai trir nhiroe diém niy ngudi ta
ding mdy quang phd hai chim tia. Chim sing t6i dugc tich 1am 2: mot
chtim @i qua cuvet dung dung méi chudn, mét chim di qua cuvet chita
dung dich can do. Sau d6 ching duge bo tri cung di vao mdy thu tin hiéu
dé xdc dinh ty s& bién do va quy ra ngay d6 hdp thu A cha miu.

Phép do do6 hap thu cé thé ti€n hanh véi mat vai bude séng don sic xéc
- dinh, dac trung, khi d6 ¢6 thé chi cdn mot dén don sic két hop véi kinh loc
hodc dung mot tia laser cho burde séng thich hop.

Théng thudng phép do phé hdp thu duge tién hanh v6i mot viing pho
rong vGi bude séng thay déi lién tuc. Cdc ngudn sang hay ding trong do
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phd hép thu 1a d&n Wolfram — Halogen cho phé lién tuc trong mién kha
kién va héng ngoat gin hoic dén D,, H, cho phd lién mc trong mién tir
ngoai... Tét hon cd 1a diing mét laser mau c6 bude séng thay déi lién tye
trong viing phd hép thy can nghién ciu.

Nguén : | May don séc, X ) Mach xUr Iy
sang “1 kinhloc - ! tin hiéu
1!
/ —— Nhan
cuvet chudn va ™ i quang
cuvet cdn do ) ' dién
L
{a) Gl '
Gudng Cuvet Guong
banma dyngmiu  banma
MNguén = | Maydon Mach xi iy
sang 7| sde, kinh loc tin higy
{b} Guadng
phan xa N
Cuvet chuin
Hinh 4.8.

a) May quang ph& mot chiim tia; b) May quang phé hai chim tia

Ciing ¢6 thé thu phé hép thu theo kiéu da kénh. Khi dé chim sdng c6
phé lién tuc truyén thing vio cuvel miu réi téi may quang phd da kénh.
Tin hi¢u sau dé dugc 18y tich phan, xir 1y réi dua 1én man hinh mdy tinh
qua mot chuong trinh di gai dit sén.

Computer

¥
Y

da kénh

Nguén sang Méy quang ph§

cuvet may

Hint 4.9. May quang phd hap thu da kénh
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4.3. MAY QUANG PHO HAP THU HONG NGOAI

Pé nghién ciru cau tric dao dong cla phan (0 ngudi ta thudng ding
phé hap thu héng ngoai. Nhu di biét, sr dich chuyén gifta cdc mitc ning
luong dao dong (quay) clia phan tlr tuong tng véi cic bire xa v hap thu
nam trong vang héng ngoai. Thy theo kiéu lién két phan tir cic nhém hop
chat duge dac trung boi nhitng nhém tan s4 riéng. Do phai hoat dong trong
viing 4nh sdng héng ngoai nén mdy quang phé hap thu héng ngoai cé
nhitng dac diém riéng. Chéng han phéi chi y t6i su hip thu bic xa hdéng
ngoai clia hoi nude va CO, ludn ¢6 trong khong khi, hiéu sudt quang hoc
clia guong va céch ti, tinh khong én dinh cla ngudn sdng héng ngoai va do
nhay ctia diu thu hong ngoai... Tir dé cdu tric mdy mang nhiing nét dac
trung riéng cho viing hdéng ngoai. Hau hét cdc mdy quang pho hong ngoai
phai duge 1am kho, giit thiét bi trong khi kho, sach (¢é thé 14 khi tro). Déi
vél mdy hong ngoai xa phai duge dat trong chan khong. P&i véi viing hong
ngoai trung binh ngudén sdng thudng 13 si d6t néng, ddu thu 1& cip nhiét
dién...

C6 ba kieu may duge dung dé do phé hap thu hdng ngoai:

— Mdy quang pho héng ngoai ding hé tdn sic

- Mdy quang pho héng ngoai bién déi Fourier

— Miy quang phéd hdng ngeaj diing kinh loc.

4.3.1. May quang phé héng ngoai diing hé tan sic

Trude hét né cling ¢é nhitng bd phéan tuong tu nhy méy quang pho hip
thu trong vung kha kié€n va tr ngoai, nhung c6 nhiing bo tri va thay déi vé
nguyén tic nhu sau:

Trong may quang phé héng ngoai cuvet chita miu thudng dat trude hé
tdn sidc d€ khir cdc higu tng do biic xa héng ngoai gay ra ciing nhu biic xa
nhiéu tir ngan cuvet. Trong khi & mdy hap thu tir ngoai kha kién, cuvet
thudng dat sau hé tan sac dé tranh ldm phan hay miu.

Chum sang qua mau va chim chufn ciia may héng ngoai thuong duoc
bien di¢u o tin §8 thap (5 — 30Hz) do ddu thu héng ngoai néi chung cd
phan ing cham.

Miy hdp thu héng ngoai thudng la hai chim tia dé€ khir su hap thu
héng ngoai cha dung moéi, cia moi trudng khong khi. V6i ciu triic hai
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chim tia s& trdnh dugce tinh khong 6n dinh chia ngudn sing va ddu thu ddi
véi bitc xa hong ngoai.

Vi cudng d6 clia ngudn birc xa héng ngoai thay déi khé nhiéu d6i véi
cdc ving phé khic nhau nén mot s6 méy cé gai dat chuong trinh diéu
khi€n khe méy nham bt trir sy thay déi nay dé giit cho cudng do biic xa di
vao mdy c6 cudng do gan khong déi. Khi cudng dé dnh sang y€u bat buoce
phai mé& rong khe va chip nhan nang suit phan giai giam.

Trong hé tédn sic cta mdy hip thu héng ngoai céc lang kinh thudng
lam bing tinh thé NaCl, LiF hay CaF,... Tuy nhién nhimng tinh thé niy khé
bao quan va dat tién nén ngudi ta thudng thay bing cach tir phan xa.
Nhifng céch tir ding cho viing héng ngoai ¢én ¢6 hing s6 céch tir 16n hon
khi dung trong viing kha ki€n. S6 vach khoang 120 vach/mm. P tin sac
thuong 1a 10nm/mm. |

D¢ hot tu hay chudn tryc chiim tia, thay cho ding thau kinh ngudi ta
ding guong phan xa. Cdc guong nay cé d¢ thudng 14 thiy tinh Pyrex ma
nhom d€ trénh gifin no vi nhiet. Céc cuvet, cira s8 ciing déu phai lam bing
vat liéu trong sudt déi v6i anh sdng hong ngoai. Trén bang 4.1 gidi thiéu
mét 86 vat liéu hong ngoai thong dung. Hinh 4.10 (3 so dé cha mot mdy
quang phd hap thu héng ngoai dién hinh.
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\ Dau thu
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Hinh 4.10
1 — Nguén sang; 2 - Cuvet mAu; 3 — Cuvet chudn: 4 — Ném quang hoc; 5 — Cach ti:
6 - Bong ca bién digu: 7 — Moto diéu khién; 8 — Bo phan ghi phé: 9 — Ma to didu khidn.
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Bing 4.1

I Ving truyén qua o . .2
Vat liéu > 50%) Chiét suét Uu diém Nhuge diém
. CsBr | 0.2-40um 175 - 158 | Vung phé rong. | Hat Am, dé héa tan
50000 — 250cm ' trong nudc, acide.
Mém va khd mai nhan.
KBr | 0,2-30 pum 1,95-1,4 | Tuong dairé. Hat 4m nhidu, tan trong
50000 - 330cm™ nudc, glycerine va con.
AgCl 104 —-30um 202-19 | Khéngtantrong | Vat ligu kéo gian dugc,
25000 — 330cm™ nuee va con. phéi gil trong tGi, tan
trong NH,OH va kiém
manh.
NaCl | 0.2- 16 um 19145 | Khongtan trong . | Hat dm, hoa tan trong
50000 — 625cm™! HCI, it tan trong nudc va glycerine,
cén,amoniac.
BaF, 0,43 - 12 um 151,39 | Dung dugc vai Thang budc séng han
76000 - 833cm™’ dung dich Iéng. | ch&. Khé mai. Tan
La vét litu cirng. | trong cide va clorua
amoni.
CaF, 0,13 -9 um 157 — 1,43 | Dung dugc véi Thang budc séng han
76000 — 1110cm™ dung dich tong. ché. Tan trong mudi
La vat ligu cing, | amoni. Khé mai.
it tan trong acide,
khéng tan trong
aceton.
LiF 0,43 - 7 um 1.45-1.28 | Khongtantrong | Thang butc song han
76000 — 1430cm ™ ¢bn, aceton, it ché, tan trong acide.
tan trong nudc.
Csl | 0.24 - 60 um 18- 162 | Vungbudcsong | Hut dm. Mém, kho mai.
4:1 700 — 166cm—1 tréi dai. Hoa tan trong con.

4.3.2. May quang phd héng ngoai bién ddi Fourier

Mot bd phan quan trong clia mdy héng ngoai bién déi Fourier la giao
thoa ké Michelson. So dé giao thoa k&€ Michelson dugc trinh bay trén hinh
4.11a. Mot cham sdng hep tir nguén duge tach ra lam hai nhd ban bdn ina
P, di dén hai guong phéng phan xa G; va G,. Mét trong hai guong c6 thé
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dich chuyén tinh ti€n duoc con guong kia ¢6 dinh. D€ quang trinh cfa hai
chim tia gin nhu nhau khi t6i mdy thu ngudi ta dat them mot ban Q giéng
hét P nhung khéong ban ma. Gia sl ngudn sdng don sic buéc song A va
dugc tch ra [am 2 chim sing cé hiéu quang trinh bing O khi tsi dau thu.
Hai chim sdng t61 14 két hgp nén sé giao thoa cho van sdng tai dau thu.
Néu ta dich chuyén guong G; mot khoang A/4 thi hiéu quang trinh cta hai
chiim tia s& bang A/2. K&t qua la giao thoa cho van t6i trén ddu thu, Nhu
vay khi guong G, dich chuyén tinh ti€n mét doan dii dai x (nhiéu ln cia 2/4)
thi trén dau thu s& xuét hién l4n lugt cdc van sdng 16i lién ti€p (hinh 4.1 1b).

Thanh phan tin hiéu xoay chiéu do d4u thu ghi dugc S(x) phu thuoc
vao do dich chuyén x c6 thé mé ta nhu sau:

S(x) = k.J;. cos (4n x/A)
Trong d6 k 1a hiing s6, J; 12 cudng dé biic xa nguén bude séng A.
Trong phé héng ngoai thay cho tan s6 va buédc séng nguoi ta hay ding
sOséng: ¥ =1/ k= v/c, lay don vi 1a em™'. Khi d6 ham s6 trén ¢6 thé viét I:
S(x) =k.J;. cos (4r x V)

Tin hiéu S(x) do theo dich chuyén x cula guong goi la giao thoa dé
{interferogram).

Néu cho girong dich chuyén v6i vén téc v = dx/dt thi tin hi¢u thu dwrge
¢6 tan 56 1a f = /T véi T 13 chu k¥ tin hi¢u xoay chiéu ghi dirge béi dau
thu: T = A/(2v). Do d6 f = (2v.v)/c v&i v va ¢ 12 tin s6 va van toc anh 5ang
tuong Ung.

Vi du, $6 séng héng ngoai trung binh ¥ = 1000cm™ " trong ung tin s¢
v = 3.10"Hz. Gia sir guong dich chuyén véi t6c 46 v = Imm/s thi tin s
ctia tin hiéu thu duge 1a f = (2v. v)fc = 200Hz.

Nhu vay, giao thoa k&€ Michelson cho phép bi€n déi 4nh sing cé tdn
$6 rdt cao thanh mot tin hiéu dién tan s& thap hon nhiéu (ndm trong ving
séng am).

Trong thuce t€, 4nh sdng 161 khOng don sic, mdi tdn s6 don siac s& cho
moét hinh giao thoa va giao thoa dé téng hop [a tdng tit ca cic dao déng
véi tdn s& thay déi tlr — oo dén + .

Biéu thic clia giuo thoa dé téng hop la:

S(x) = j[vcos(4nxv /edv

—oo”
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L= [Stcos(dmxv/cxix

Pudng bidu dién I, theo v chinh 1a phé clia dnh sdng t6i.

Muén xédc dinh phd I, cia anh séng héng ngoai nao dé chi can ghi
giao thoa dé t6ng hop S(x) réi bang phép bién d6i Fourier s& suy ra durge
1..V&i cong nghé méy tinh hién nay phép t
quyé&t nhanh chéng (Vi du, hinh 4.11b.)

nh nay trd nén kha thi va giai

Theo cong thifc trén, dé tinh mot céch chinh xdc cdn phai dich chuyén
guong tr — oo dén + o© nhung thuc t&€ chi co thé dich guong mot khoang
(Ax)max. Gid tri nay gi6i han do phan gidi ctia may. Do phan giai clia may
lien hé v81 (AX) g, DU sau

(AV )y = V(BX)nay

Nhur vay khi guong ¢6 thé dich lem thi o phan giai 1a fem .

L 1 G, Six)

v
>
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Y
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Hink 4.11, a) Sd d6 may quang phé Fourier ; b} Cac vén giao thoa & dau thu;
¢) Giao thoa 46 tong hop va bién doi Fourier cha no.
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Vi du, dnh sing c6 budc song A = 1000nm, do (AV),; = — AA/A® nén
voi do phan gidi trén ta duge AL = 0,1Inm. Do phan giai nay khong thua
kém hé tdn siac dung cdch tir 120 vach/mm. Néu dung lang kinh hong ngoai
thi d6 phéan giai vao khoang AX = 100nm.

So v6i mdy quang pho héng ngoai dung h¢ tén sic, may quang phd
bién d6i Fourier cé nhitng uu diém 1a:

Mady quang pho bi€n doi Fourier khong ding khe nén toan b6 dnh sing
tr nguén c6 thé dén dau thu, nhd vay do duge phé cuong do yéu.

Mdy quang phé bi€n déi Fourier thu dugc toan bo phd mot cach déng
thoi trong khi cdc mdy quang phd thong thudng ghi tudn tu timg vach phé
va muén quét toan bo pho thi cdn mot thoi gian nhat dinh. Nhu vay, phé
thu duoc chua chac da phan dnh ding qud trinh dong hoc dang xét. Hon
nifa viéc thu phd tic thoi s& tranh duge cdc can nhiéu do ddu thu gay ra
trong qua trinh ghi, dac biét d6i véi may thu héng ngoai trung binh v xa.
Trong ving héng ngoai xa hién nay chua c6 may nao so sanh duoc véi may
quang phé bién d6i Fourier. Mdy quang phé bién déi Fourier dugc ding
chu y&u trong ving hong ngoai nhung hoan toan c6 thé dp dung cho viing
kha kién, tir ngoai.

4.3.3. May quang phé héng ngoai dung kinh loc

Mot s6 mdy quang pho hap thu héng ngoai dic ching ¢6 thé chi cén
dung kinh loc thay cho h¢ tdn sac. Tién loi cua né la gon nhe, linh hoat di _
chuyén. Loai nay thudng duoc ding dé phan tich cdc chét khi nhu cyanide
hydro, acrylonitric, carbon monoxit, hydrocarbon clorirat...

D€ ting quang duong di lai ctia chum. sang trong moi truong khi hflp
thu ¢ thiét bi nay c¢6 bd tri mot cap guong phan xa. Hinh 4.12 1a so dé mot
mdy quang phé héng ngoai dung kinh loc. Nguén sang la mot dén soi
Nicrom hoac thay bang mot nguén laser.

Hinh 4.12. May quang phé héng
ngoai dung kinh loc
1 — Nguén sang; 2— Chopper; 3 — Kinh
loc; 4 — Cira s6 vao buéng chura khi:
5 — Guong phan xa;
6 — Hé thu va xr ly s6 ligu
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Chuong 5 ,
HE THU BUC XA TRONG QUANG PHO

Sau khi dugc hé tan séc phan tich thanh c4c thanh phin don séc, tin
hiéu quang s& dugce bién thanh tin hiéu dién, sau d6 dugc khuéch dai, gia
coéng xir 1y 1am tang ty 1& tin hiéu/6n rdi hién thi. M4y tinh thudng duge sit
dung dé thé hién phép do duéi dang thich hop trong méi lién he véi cic
thong 36 khic nhu la buée song. He do (detector) va hé do két hop duge
goi la bitc xa k€ (radiometer). Danh tir quang phé ké (spectroradiometer)
duge ding khi may thé hién sy phu thufc cua cuong do bic xa theo
budc séng.

Cdc detector dya trén mot s6 qud trinh bi€n déi tin higu quang — dién
co ban. C6 thé chia lam hai loai:

* Detector nhiét
* Detector photon.
Cac detector déu duge moé td bdi mot s6 dic trung co ban, d6 la:

~ P06 nhay (responsivity): S = Y/X, trong dé Y 1a tin hiéu 16i ra caa
detector, X la bifc xa 161 vao.

Vi dy, Y c6 thé 1a ddng clia nhan quang dién, hoac thé clia pin nhiét
dién. Khi X'=0, Y thuong cé gid tri Y, con goi 1a dong t6i hay tin hiéu t6i.
Trong trudng hop nay S = (Y — Y)/X. X ¢6 thé 12 bat ky tin hiéu biic xa
nao thudng duge do bang odt (W) hodac Lumen (Lm). Néu bitc xa chiéu déu
trén detector thi X ¢6 thé cho bdi tich clia dé roi va dién tich mat detector.
P6 nhay S thudng phu thudc vao bude séng. Su bign doi clia do nhay theo
budc séng duge mé ta bdi dudmg cong nhay phé S(A).

S(A) = dY(A)/dX(A), trong dé dY(A) 14 tin hiéu 16i ra gay nén bdi tin
hiéu 161 vao dX(A).

— Hiéu sudt lugng tur m

D6 1a ty s6 gilrta s6 y&u t§ tin hiéu cd ban sinh ra béi detector va s6
photon tdi. Y&u t& tin hiéu co ban thudng 12 dién t& quang dién.
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-~ Thoi gian dap ing t (Response time)

La thoi gian can thi€t dé tin hiéu 16i ra tang lén khi doét ngot duge roi
bic xa khong d6i. Khi ngat roi sdng tin hiéu 16i ra cla detector giam. Thoi
gian dé tin hi¢u 16i ra gidm xudng l/c gia tri ban ddu g0l 12 hdng 56 thoi
gian. Hang s6 thoi gian ting va hiing s§ thdi gian gidm thudmg la khédc
nhau vi dirge gay nén boi cde tham sé vat ly khéc nhau.

— Ving tuyén tinh

La pham vi tin hiéu 16i vao, trong dé tin hiéu 16i ra 1a moét ham tuyén
tinh cia tin hiéu 16i vao. Vang tuyén tinh thudng duoc thé hién theo cong
sudt (W) hoac do roi.16i vao. N6 thudng kéo dai tir cong suat ngang 6n dén
gi6i han trén ctia thiét bi hoac mach ngoai.

— Cong suat ngang on (NEP - noise equivalent power)

La thong lugng birc xa (do bang W) can thiét dé gay nén mot tin hiéu
16i ra bang tin hiéu 6n trung binh r.m.s tir detetor. Gi4 tri NEP thudng duoc
cho trong mot ché do cha cdc dac trung budc séng, vung detector, tdn s&
diéu bién, nhiét do va do rong dai phd chia detector. Do rong phé thudng
chon 13 1Hz va NEP duoc tinh theo W. Hz ~ 2. NEP hay duge diing nhu [a
tin hieu 161 vao tuong duong 6n cua detetor.

- D¢ phat hién (detectivity): D = 1/NEP.

Gid tri nay 16n hon d6i véi detector nhay hon.

— D6 phat hién chuan héa D*. Goi A Ia dién tich detector, ddi véi
hau hét detector tich D.A' 1a khong déi. Diéu nay c6 nghia 13 do phdt
hién bién thién ty 1¢ nghich v6i can bac hai dién tich detector. D6 13 vi -
cOng sult 6n di¢n thudng ty 1& véi dién tich detector A, va dong hoac thé
thé hién phép do 6n thi ty 1& véi can bdc hai clia cong suat. Tuwong ty, boi vi
hau hét cdc én cha detector 13 "én trang" (bang tdn rong) va cong sudt 6n

bang rong ty 1& véi do rong bang tin (tin hleu dién) Af nén tin hiéu 6n ty ¢
véi A2,

D¢ phdt hién chudn héa D* dugce dinh nghia d€ cho phép so sénh cic
loai detector khac nhau doc lap véi dién tich detector va dé rong bang tan.
D* = D (A"?.Af"%) = D(A. AD'? = (A. AD'/NEP
Don vi clia D* 13 em.Hz'? W ™! Giéng nhur NEP, D* ciing 13 ham ctia
budc séng va tan s6 diéu bign nén dai lugng nay thudng duge xem la do nhay
phé chuin héa {normalized spectral responsivity)} D*(X) hoac D*(x.f. Af).
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Trén hinh 5.9 trinh bay mét s& dudng cong do nhay phé D* cla mot s6
detector.

~ On nhiéu

Cé nhiéu loail 6n nhidu 1am gidi han d¢ phédt hién clia detector. Cic
loai co ban 1a: 8n théng k&, 6n 1di hgp — phat sinh, 6n Johnson, su rung hay
1a 6n 1/f va n doc 161 ra d6i v6i detector mang.

On théng ké (shot noise): loai 6n ndy ¢6 nguyén nhan 1 tinh gidn doan
cha bic xa. Bitc xa gém cac photon dén detector mot cdch ngdu nhién vé
thai gian. Cdc photon duge hép thu tao ra dién tir quang dién trong céc
khoang thoi gian ngau nhién va su bién thien dong dién nay biéu hién
thanh nhiéu. On nhidu nay ¢6 thé sinh ra bdi chinh cdc photon tin hiéu cin
do hodc bdi dong photon nén trong cdc trudmg hop tin hiéu rit yéu va
detector ¢6 6n rdt thdp. Khi loai 6n ndy xuat hién thi h¢ do duge xem 12
dang hoat dong & ch€ do nén gi6i han, '

On tdi hop — phdr sinh duge quan sdt thdy & cdc detector quang dan,
trong dé cdc photon bi hdp thu lam sinh ra cdc hat tai dién ca dwong va dm.
Mot s6 hat tai dién tw do cé thé bi tai hop trude khi thu duge. Ngodi ra, su
kich thich nhiét c6 thé 1am phdt sinh cdc hat tai dién thém vao. Ca hai hién
fuong ndy xay ra ngiu nhién din dén mot 6n thang gidng trong dong dién ¢
101 1.

On Johnson hay la én nhiét gay ra bdi chuyén déng ngiu nhién cua
cdc hat tai trong vat din. K&t quéd din dén su thing gidng dién trd ndi clia
detector hodc trong cdc dién trd ndi ti€p véi dau ra clta detector.

Sie rung hay la on 1/f chua duge hiéu & nhung né xudt hién trong cdc
detector quang din dodi hoi mot dong thién dp. Do 16n cua né ty 1€ véi /e
v6i B thudomg 1A tir 0,8 - 1,2,

On doc 1a dac trung cla cdc detector mang va lién quan dén tinh bét
6n dinh khi chuyén dién tich gita céc bo luu tri.

Ngodi cdc loai 6n nhiéu ké trén tin hiéu thu con chiu tdc doéng cua én
microphon giy boi cdc dao dong hodc sc chdn dong va on nhiét do gay
bl thing gidng nhiét d6 cla detector.

5.1. DETECTOR NHIET

Detector nhiét hoat dong bing cdch bién déi bic xa t6i thanh sy tang
nhiét do. Su thay déi nhiét do ¢6 thé duge do bang nhiéu cdch. N6 c6 thé [a
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dién the sinh ra & chd néi hai kim loai khéc nhau hoic hiéu ttng hoa — dién
(pyroelectric). D6 la cic yéu t6 cim bién gidp ta do dugc su thay déi nhiét
do. Ngudi ta boi den cdc yéu t6 cam bién dé tang cudng hip thu bic xa,
chon vat li¢u lam den ¢6 d¢ hap thu cao va déng déu sao cho do nhay cao
trong viing phé rong. Pay 1a vu diém chinh clia detector nhiét.

C6 hai loai detector nhiét dién hinh thuong gap Ia:

— Detector pin nhiét dién, dung cho biic xa lién tuc;

— Detector hoa dién (pyroelectric) diing cho bitc xa xung.

5.1.1. Pin nhiét dién (thermopile)

Pin nhiét dién do bic xa dua trén cdc cap nhiét dien. Mot cdp nhiét
dién bao gébm hai kim loai khéc nhau néi ti€p v6i nhau. Diém néi duoc boi
. den dé hap thu bic xa. Sy tang nhiét do cia diém n6i sé 1am sinh ra mot
hiéu di¢n theé. Vat li¢u 1am cap nhiét dién thuong 12 Bismuth va antimony
c6 hiéu suat nhiét dién tuong déi cao. Vi dién 4p 16i ra thap nén gidi han
kha nang do-cua cap nhiét dién do d¢ 6n khuéch dai quy dinh.

Mot cich lam tang dién dp I6i ra 12 néi ti€p nhiéu cap nhiét dién
(thuong 1a 20 dén 120). Tét ca céc diém néi "néng" duoc dat gan nhau dé
thu birc xa. Day 1a cich tao ra mot pin nhiét dién (thermopile). Kinh t& hon
nguoi ta ding cdc mang mong ghép lai. Loai ndy ¢é hing s6 thoi gian tir
khoang 50 — 200ms véi nhiing kich thude nhé boi den bing 6xyt kim loai.
Pin nhiét dién kich thudc 16n, 1am bing cdc méi noi day dan riéng le, dat
sau mot dia den hdp thu cao ¢6 hing s6 thoi gian dai hon mot giay.

Clra s6 Mai han "nong"

\
N

y ¥ |
M&i han "néng" { 42

M8i han "lanh"

3) b) * M6i han "lanh”

Hinh 5.1. a) Cap nhiét dién; b) Pin nhiét dién

C6 thé thuc hién céc phép do do nhay cao d6i véi tin hieu khong déi
hodc tin s6 vai Hz. Nhiing thiét bi nay nhay trong viing héng ngoai nho su
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hédp thu bang réng cta nd. Do dd, phat chil ¥ ¢4 dinh gée md ciia chiing vi
moi vat ¢ nhiét do phong, gdm ca nguoi, déu la ngudn bic xa hdng ngoai.
Théng thudng cdc phép do phai ding mot vir chin déng md dong bic xa
t6i detector réi quan sdt sy thay doi dién &p 161 ra. S& khong cé gi la néu
quan st thdy tin hiéu "blic xa &m" néu ngudn birc xa lanh hon hoac kém
bttc xa hon vat chén di duoc sit dung dé chinh s6 khong clia ddu do.

5.1.2. Detector héa dién (pyroelectric)

Loai diu do nay dua trén hi¢u ting hoa dién. Mot s6 tinh thé khi bi dét
néng nd ra lam tinh phan cuc dién thay déi, tao nén dién tich trén cdc mat
doi dién cha var liéu. Néu ndi hai m3t déi dién nay bang day din véi mot
mach kin ta s& ¢6 mot dong dién xuét hién trong mach. Do su thay déi
nhiét dé gay nén dong dién nén detector hoa dién chi dip ung céc bite xa
xung hoic da duoc diéu bién. Su ddp dng cua nd déi véi su bién thién cla
bitc xa nhanh hon rit nhiéu cip nhiét dién hoidc pin nhiét dién v khéng bi
anh hudng boi bie xa nén khong déi. Cdc detector nho vai nhiét khdi nhé
c6 thé ¢é tinh ddp ung cuc nhanh. Khi phli 1én mét 16p boi den dé tao ra
hdp thu déu trén viing pho rong s& 1am tang khéi luong va lam ha thap tan
s dap tng. Diéu nay 1a ddng ké vi cdc y&u 16 hoa dién ¢ do day chi-25um
trong khi 16p boi den day tir 75 — 100um. Sy ddp img cua detector hoa dién
phu thude vao hai hing s¢ thai gian. Hang s& thoi gian nhiét phu thudc chd
yé&u vao nhiét khoi va su dan nhiét sang cdc vat bao quanh noi véi detector.
Hang s& thoi gian dién 12 tich cha dién trd phan dong va dién dung phén
ddng clia mach detector/khuéch dai. Thong thudng detector hda dién duge
thi€t k& va sir dung theo hai cich khic nhau:

a — Detector ding cho cdc xung biic xa don hoac tan s6 tuong déi thip
(< 4000Hz). Céac xung c6 thé thay déi do dai (r pico gidy dén mili giay va
nang luong tir vai nanojun dén vai jun.

b — Detector dung cho bic xa 1§ duge diéu bién (bang chopper) vi khi
dé detector s€ sinh ra mot tin hiéu 161 ra xoay chiéu.

Hang s& thai gian nhiét vi dién cha detector do xung duge chon sao
cho timg xung duge tich phan va tao ra mot pic dién dp 161 ra. Pic nay 1a
phép do-dién tich sinh ra bdi detector va do dé 1a phép do nang luong xung.
Dién tich niy phén tdn trude khi xung tiép sau truyen tdi. Thoi gian tich
phéan kha dai lam gidi han khoang cach gilta cdc xung hoac tan s6 lap lai
clia cdc xung.
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Detector do bitc xa diéu bién hoan toan khic. O day bitc xa duoc do ¢6
cac chu trinh déng gép 50% va tin hiéu 16i ra 1a trung binh clia mot s6 16n
cdc chu trinh diéu bién. H¢ do lock — in (xem chuong cudi) dugc sir dung
dé loai bo hdu hét bic xa nén. Khi d6 gi6i han tan s6 ddp tng 100 — 200Hz
cha cdc detector hoa dién nay dugc mé rong téi 1KHz 1am thuan loi cho
viéc diéu bi¢n nhanh. Diéu nay doi khi cin thiét dé€ loai bo 6n nén trong
cdc moi truong nhiét bién doi nhanh. Tuy nhién, tan s6 diéu bién nén thap
hon 200Hz dé ¢6 dic trung 6n ¢6 hitu t6t nhat.

Lép boi den

Vat liéu hoa
dién

Hinh 5.2. S¢ d6 detector hda dién

5.2. DETEC’TORI PHOTON

Detector photon dép tng dong photon t6i mot cach luong tir. Trong céc
diéu kién hoan hao ngudi ta tao ra y€u t6 ddp ting don cho timg photon
don. Tat nhién, trong thuc t&€ khéng c6 nhitng diéu kién hoan hao nén phai
tinh dén nhimng sai léch nhét dinh. Cdc yéu t6 ddp ting don cé nhiéu dang
khdc nhau. N6 c6 thé la mot dién t&r quang dién trong nhan quang dién,
hoac mot cap dién tlr — 16 trong phan tich trong photodiode, hoac mot dién
tr chuyén tir viing héa tri sang vung dan trong quang din. Két qua 1a mot
su thay d6i vé dong hoac dién dp xudt hién va sau qué trinh khuéch dai, xu
ly s& dugc ghi hoac hién thi.

Detector photon va nhiét c6 nhitng su khac biét co ban. Detector nhiét
ddp ting nhiét. Diéu nay cé ﬁgh’ia 12 IW cung cép béi cdc photon tir ngoai
200nm tao ra cing mot két qua nhu 1W cung cdp bdi cdc photon hong
ngoai 10000nm. Detector photon hau nhu tao ra mot yéu t6 dap ing d6i véi
moi photon t6i ma chua can dén bat ky su khuéch dai nao. Nang luong
mang boi méi photon riéng 1¢ ty 1& nghich véi buéc séng clia né. Do dé,
Vi cung cong sudt bic xa, mat do dong photon trong buc xa UV nho hon
nhiéu trong bic xa IR. He qua la do nhay cua detector photon (dudi dang

147



V/W hoac A/W) trong viing tr ngoai thdp hon dang ké trong ving héng
ngoai. Khi danh gid dac tirh tuyét déi clia detector diéu quan trong khong
chi 13 nhin vio cdc dudng cong do nhay ma phai chd § ca cac duomg cong
hiéu suit luong tir (QE). Cac duong cong QE chi ra ty 1& phan tram dong
photon tdi dugc bi&n déi thanh tin higu dién, hiéu suat cha detector.

Trén hinh 5.3a trinh bay dudng cong do nhay tuong d&i cliia mot
detector hiéu sudt 100% (thang logarit). Duong nim ngang 1 do nhay ctia
detector nhiét. Hinh 5.3b la duong cong do nhay dién hinh cha detector
silicon va dudng cong hi¢u sudt lugng ti twong dng. Mot detector silicon ly
tudng ¢ dé nhay va hiéu sudt lugng tu zero déi véi cic photon ¢6 nang
lugng thadp hon nang lugng ving c¢dm hoéc bude séng dai hon 1,lum. Ngay
duéi gi6i han séng dai do nhay va hiéu sudt lrgng tir 1€ ra phai vot [én do
nhay 0,9A/W va hiéu sudt 100% tuong tng véi tinh hudng méi mot photon
t¢i phai duoe bién déi thanh mot dién . DSi véi it ca cic photon budce
séng ngan hon chiing ta ciing chy doi hi¢u suét fuong (r 100% va do nhay
cung phal ¢6 dang tuong tu hinh 5.3a. Trén hinh 5.3b, bén canh mét vai
dac trung ding nhu du dodn, ta thiy suon dudng cong do nhay khong doc
thing ding dot ngdt, khong bao gi¢ dat duge hiéu sudt 100% va & trong
viing s6ng ngan hiéu sut lai bi sut xudng.

a) B0 nhay bl
bé
nhay/ 1 Deteclor nhiét 1
Céng Py Bl
suit OF 7 - . \\
: 01 ’ !
- - ‘
i- '
s Po nhay
Detector photon :
1
1
0,01 i
!
!
I
0,001 iy = } | )
0 0 20 3 40 50 um 200 400 800 BO0 1000 1200
{budc séng) (bude song nim)

Hinh 5.3, a) Db nhay phé tuong déi cla aetector noan hao;
b) D& nhay va hiu suat Iutgng tr QF cda silicon

Duéi day 1a mot s& detector photon khdc nhau véi céc cdu tric co ban

cua ching.
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5.2.1. Té bao quang dién, nhan quang dién

Té bao quang dién la mot detector photon dua trén hiéu dng quang
dién, trong d6 dnh sdng tuong tdc truc ti€p vél dién i trong vat liéu lam
detector. Mot photon duge hap thu s& 1am gidi phdng mot dién tir va nang
luong du duge chuyén thanh dong nang cla dién t&. Dién tl vdi dong nang
dll 16n sé virgt ra kKhoi bé mat vat ligu. Mot higéu dién the duge thiét 1ap 1am
dién tr chuyén dong vé anode tao thanh mot dong quang dién ty l& vai
cuong dé dnh sdng tél.

Té& bao quang dién cé dang mét biu thay tinh nho, kin, chin khong,
trong d6 cé dat hai dién cuc: anode va cathode. Cathode thuong duge lam
bang cdc kim loai kiém hodc hgp chat Cs;Sbh, AgOCs. Doi dién véi cathode
14 mot clra s6 trong sudt véi dnh sdng cin do. Hiéu dién th€ dat viao hai cuc
vao khoang 75 — 125V, Khi dnh sang chiéun 161, dong quang dién xuat hién
trong mach di qua dién tro R ¢(hinh 5.4a).

Nhan quang dién hoat dong trén cling nguyén tic hi¢u ing quang
dién nhung cé thém mot bo phan nhan dién tir lam khué&ch dai dong quang
dién bai higu tng phdt xa dién tu thit cap. Nhan quang dién ¢6 do nhay cao
hon bat ky detector nao trong vung ti ngoai va kha kién. Trén hinh 5.4b
mo ta so do cau tric mot nhan quang dién cd cua sd & mot ddu 6ng (end —
on tube). Sat véi clra 56 12 quang am cue ban trong sudt. Chum quang dién
tr tao thanh duge héi te vao dynode dau tién nho mot cip dién cuc. Cac
dynode dat moét dién th€ tang dan tao boi mot ddy cdac dién tro phan thé
(khong vé trén hinh). Mitc do phan thé thudng la IKV. Thoi gian phan tmg
clia nhan quang dién 1 [ — 10ns, vang phé 1am viéc tir 110 — 1000nm.

D¢ thuan tién cho sir dung va loai bd anh hudng clia méi trudng, ngudi
ta con ché tao loai 6ng nhan quang dién véi clra s6 & mat bén (side — on
tube) c6 cdc bd phan tuong ty nhung cdu hinh gon hon nhiéu. Nhan quang
dién cira s6 dau éng c6 viing nhay quang rong hon va dong déu hon. Nhan
quang dién ctta s6 mit bén ¢6 thdi gian phan ing (rise time) nhanh hon va
dat dvgc d6 nhay cao hon, vi hiau hét ching ¢6 quang am cuc khong trong
sudt tranh duge mat madt quang hoc xay ra véi quang am cuc bdn trong suobt
clia nhéan quang dién cita s6 ddu dng.

P6 6n dinh cha qud trinh nhan dién t phu thude vao viéc di theo
chinh xde qu¥ dao cia céc di¢n tlr. Tir truong cé the anh huong déng ké 1én
hudng chuyén dong cba dong dién t trong nhin quang dién clta s6 ddu
éng nén ngudi ta 1ip thém chin tir trong cdc 6 cim nhan quang dién.
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Clra 58 dynode anode

1
-

=
/

Quang am cuc dynode b)

Hinh 5.4, a) T& bao quang dién; b) Nhan quang dién '

Mot vi du dién hinh vé nhan quang dign hoat déng trong viing phé tir
ttr ngoai dén héng ngoai gin 14 nhan quang RY28 cira s mat bén (side — on
tube) do hng Hamamatsu (Nhat) san xuit. Nhan quang R928 c¢6 hiéu suit
lugng 1 cao, khué&ch dai dong 16n, ty 1€ tin hiéu trén 6n t6t. Pay 1a loai
nhan quang c6 vung hoat dong rong tir 185 — 900nm, thich hop cho quang
phé k€& bang rong, quang phd k& phat xa va quang phd k& hap thu nguyén
tr, Photocathode duge lam bing multialkali, clta s6 cathode 1am bang kinh
t ngoai. Dudi day 1a mot sé dic diém k¥ thuat:

+ D6 nhay sdang cua cathode: 250uA/lm.

+ B0 nhay sdng cta anode tai hi¢u dién thg 1000V: 2500A/Im.

+ Dynode ¢6 9 tdng ¢6 bé mit phdt xa [ multiakali.

+ Dong t6i 3 + 50nA.

+ Cong suit ngang 6n 1.3.107°w.

+ Thai gian ddp Ung: — thoi gian tAng xung anode 2,2ns.

— thoi gian chuyén tiép electron 22ns.

Thai gian tang (rise time) 14 thei gian dé xung 161 ra ting tr 10% dén
90% gid tri cuc dai khi toan b photocathode duge chi€u sdng bdi mot
xung anh sdng ham Delta.

+ bién the anode - cathode: 1250V; dién the anode — dynode cudi: 250V,
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Hinh 5.5. a) D6 thi duéng dac trung dé nhay va hiéu suat Iugng tir
cla nhan quang R928; b) Nhan quang R - 928
Nguén nuoi nhan quang R928 bao gom bo chuyén thé tir dién xoay
chiéu 220V sang 15V mot chidu. O cim 6ng nhan quang C — 6270 sé& nhan

dién the 15V mot chiéu thanh dién thé cao dp dat gita cdc dynode cia
nhan quang.

Mot s6 thong s6 cha 6 cim C — 6270:
—Dién dp vao: 15 £ 1V
— Dong vao ting vé6i dién 4p max: 45mA.
= Dién dp 16i ra: 0 + 1250V
— Dong mot chiéu ra PTM:
tai 1000 V 1a 100pA. -
tai 500 V 1a S0pA. ¢
— Thé nhiéu 16i ra: 0.008% p - p
— Thoi gian héi dép dién 4p: 80ms.
— Hé s6 thay déi the vao theo nhiét do:

Hinh 5.6.© ¢im nhan quang
+0.01%/°C. C - 6270
— Nhiét d¢ hoat déng: 0 + 50°C.

— Nhiét d6 bao quan: — 20 + 60°C.
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5.2.2. Photodiode

Céc detector ban din déu la detector quang din. Tuy nhién, nguoi ta
ding tir detector quang dan dé chi cdc thiét bi dua vao tinh quang dan bén
trong khdi ban din con cdc thiét bi dua trén tinh quang dan cia ldp chuyén
ti€p p — n thi duge goi 1a photodiode. Cac photon duge hip thu gin 16p
chuyén tiép p — n s& tao ra céc cgp dién tr — 16 tréng. Photodiode ¢4 the
hoat dong theo hai cdch: pin quang dién va quang dan. Trong cdch tha
nhat, cdc cap dién tit — 16 trong di chuyén vé hai phia d6i dién cba l6p
chuyén tiép tao ra mot hiéu dién thé va do dé sinh ra dong dién néu thiét bi
duge néi véi mot mach kin,

Trong cach thit 2 mot phan dp nguge duge dat ten 1op chuyén tiép.
Anh sdng tao ra céc cip dién 1 — 16 tréng va do d6 lam tang tinh dan di¢n.
Dong dién sinh ra b&i phan &p va céc hat téi tr do ty 1¢ voi cudng do dnh
sdng chi€u vao.

Dong quang dién trong trudong hop nay ciing ¢o thé duge khuéch dai
théng qua qué trinh jon héa théc 1d néu tang phan 4p nguge trong mot cau
trdc thich hop. Khi dé thiét bi c6 tén goi 1a photo diode thac 1 (Avalanche
Photodiode — APD). Khi cudng do dién truong tao ra boi phan ap nguoc
tang, cdc dién tir duge gia t6c, nhan thém nang lugng. Trong qud trinh gia
téc nay, dién (o va cham lién fuc v6i mang tinh thé v c6 mit mat mot chiit
nang lugng va s& dat t6i mot van téc trung binh bdo hoa. Néu nidng Jugng
dat duoc 16n hon nang lugng ving cdm E thi-cé the Jam sinh ra mét cap
dien tir — 16 tréng bdi ion héa do va cham, Hai dién tr sinh ra lai duge gia
téc trong dién trudng manh va ti€p tuc tao ra céc cap dien tr — 16 trong
khéc. Diéu niy tuong tu nhy trong nhan quang dién nhung xay ra bén trong
chat rén chit khong phai trong chan khéng, Nho vay, mét tin hi¢u énh sdng
y&u ciing tao ra mot dong dién da 16n do duge. APD la mét detector do
nhay cao, dac biét trong vung hong ngoai gan.

Photodiode silicon

Photodiode silicon 14 loai detector photon sit dung ph6 bign nhat. Do
nhay phé clia né pht 1&n toan bo ving kha kién va hong ngoai (hinh 5.3b).
D6 tuyén tinh t6t, do nhay tuyén tinh véi cong sudt t6i tir 107 = 107°W.

Viéc thu tin hiéu ciing don gian. So d6 ciu tric mot photodiode silicon
dién hinh dugc mo6 ta trén hinh 5.7. Céc photon di qua moét 16p mong 6 mét
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trén lam sinh ra cdc dién tir va 16 tréng gan ving chuyén tiép giita silicon
loai p va loai n. Viing chuyén ti€p la mién ngheo hat tai ké ca dién tir va 15
trong do gradien thé lién quan dén cdc dai nang lugng. Lép chuyén tiép
huéng cdc 16 trong vao vat ligu p, cic dién tir vao vat liéu n. Diéu nay din
dén mot hiéu dién thé giita hai mién vi néu ching dugc n6i v6i mach ngoai
s&€ cho dong dién. Diode silicon doi héi tré tai téng tré thap dé cung cdp tin
hiéu ra tuyén tinh trong ché& dé pin quang dién. Diéu nay khién cho thé 16i
ra cuc dai qud thap khi st dung dao dong ky dé quan sat. Dac trung tuyén
tinh dé dat dugc hon trong ch€ d¢ phan 4p nguoc thim chi véi tai 100 KQ.
Lai ra tuyén tinh cé thé hdu nhu luén nhan dugc véi thé phan dp cho phép
dé dang hién thi trén dao dong ky. Ta c6 thé dung phan 4p nguge 6V tir
mot pin Lithium théng dung.

Mién hoat chat

Vang p

L—

| Mién nghéo

—  Silicon loai n

Vat liéu n dé tiép xuc

Kim loai tiép xtc
Hinh 5.7. S0 d6 céu tric photodiode silicon

. Photodiode théc 1d APD ciing ¢6 thé lam ti silicon. Ging nhu moi
photodiode APD phai c6 cau tric dé hép thu t6i da photon. Mat khéc, mién
nhan hat tai phai moéng dé giam thiéu kha nang thdc 14 khéng diéu khién
dugc xay ra boi dién truong manh din dén bat én dinh hoac xuat hién cdc
vi plasma. Trong mot viing méng, tinh déng déu cla dién trudng cé thé dat
duoc 16n hon.

Photodiode InGaAs

Sau silicon la cdc diode InGaAs. Loai photodiode nay ing dung nhiéu
trong ving hong ngoai gan 0,8 — 1,7um. Viéc tao ra cdc detector 16n chat
lugng cao con gi6i han nén dudng kinh cia ching chi khoing 3mm.
Photodiode InGaAs ¢6 thé hoat dong ¢ ci ché do pin quang dién va phan
dp ngugc va & ch€ do xung véi thoi gian phan ng nano giay.
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5.2.3. Detector quang dan

a) Detector PbS va PbSe

Trong cédc detector quang dén, cdc photon t6i bi hap thu s& sinh ra cdc
hat tai dién tu do. Hiéu ing nay gay nén tinh dan dién coa detector. Mot
hiéu dién thé dat vao s& tao nén dong dién ty ¢ véi do rol.

PhS va PbSe 14 vi du dién hinh vé loai detector nay. Cac detector PbS
va PbSe duge ché tao bing két tia héa hoc cdc mang da tinh the lén d&
thach anh. Céc dién cuc vang (Au) ddt mong véi mép clia mang tinh thé tao
ra ti€p xic dién. Toan bo célu tric duge khép kin bén trong mét vo boc vdi
clra $6 thich hgp lam bing thach anh hoac sapphire (hinh 5.3a).

Viing phé hoat dong ctia PbS I 1 — 4um, ctia PbSe 1a 2 - 6um.

Hoat chat o
guang dan , Cua s thach

PeS — Thau kinh

dién cue Pign cue

// Au ing
pé thach anh )
pé thach anh Hoat chét

Hinn 5.8. a} Detector quang dan mudi chi;
b} Nguyén Iy stf dung thau kinh két hap

b) Detector HgCdZnTe

Cic mang tinh thé HgCdZnTe nuoi bang phuong phip lai ghép
(epitaxy) tao ra mot ho céc detector dic trung béi trd khdng thap nhung khi
duge phan 4p ding va giao dién cling cho dac trung tuyén tinh, ¢6 thé [am
viéc ¢ nhiét dé phong va gan nhiét dé phong.

Detector HgCdZnTe cé thé hoat dong & hai ch€ dé quang din va
quang dién pin quang dién. Trong ch€ d¢ quang dén, né duge dic trung béi
th&i gian phan dng nhanh hon ddng ké so v6i PbS v PbSe, dac bigt & ving
séng dii. Kich thudc cang nhé thi 6n cing nhd kem theo doi hoi phai
phan dp. '
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Mot cdch dé€ tao ra detector nhd ma vén tirong duong vé quang hoe nhu
kich thuGe 1dn 12 sir dung mot thau kinh hoi tu (hinh 5.8b). Trong d6 16p
epitaxy HgCdZnTe duge nudi truc tiép 1en trén bé mat thau kinh phang —
cdu. Cic detector HgCdZnTe c¢6 d¢ nhay phé trong ving tir 2 — 12um. Su
phdt trién khong ngling cla cong nghé vat liéu detector di dap tng hau hét
cdc yéu cau do tin hiéu quang, tuy nhién cling din dén dé bj 14n 1on khi lua
chon he t6i uu. So d6 hinh 5.9 cho thdy viing phé hoat dong ciing véi viing
cong sudt tin hiéu do thich hop clia mt s6 detector thong dung.

D’ =D.(Ap. AD'? = (Ap. AD'/NEP (cm.Hz' "W ™)

1E15

" PMT
Diode Si

CCcD
InGaAs

1E14

tE13

1E12

PbS(243K)  PbSe (243K}  HgCdZnTe (243K)

1E11 . /
1E10 -~
o~ st
1E9 RN
N
™~
" 1E8 , N
ppA  Thermopile .~ HgCdZnTe 293K
1E7 [
1E6 | | | ; :
2 4 6 8 10 12 um

Hinh 5.9, 3¢ phu thuge cla df nhay D" vao budc song cla mot 3 detector

5.3. DETECTOR DA KENH

Céch thu phé truyén théng trong quang phd hoc la ding may don sic
quét v mot detector don (silicon photodiode, nhan quang dién...) dit & mit
phing khe 16i ra cia mdy. Trong hé thu phd quét nhu vay phé s& dugc ding
lai timg di€ém mot khi quay cdch t hoac lang kinh dé chon budc séng.
Trong mdy thu phd da kénh, cich tlr hoac ling kinh dwoc gif ¢§ dinh, khe
I61 ra va detector don dugc thay th€ bang mot detector da kénh cho phép
thu toin bo phd.
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5.3.1. Kinh anh

Kinh dnh duge diing dé thu quang phd tir khi bit ddu cé mdy quang
phd. P6 chinh 1a mét kiéu thu pho da kénh vi cing mét lic thu duge nhidu
vach phé trén mit phéng tiéu cta thau kinh budng 16i.

Mot 16p nhil tuong nhay sdng chita AgBr duge pha Ién moét dé thuy
tinh trong trudng hop kinh anh hodc 1én d€ nhya trong trudng hgp phim
anh. Dudi tdc dung cha dnh sdng, phan ting quang héa xay ra véi AgBr lam
phan ly nguyén tir bac. Trong qud trinh hién anh, véi tic dung cua thude
hién cdc tinh thé AgBr di dugc phoi sing s& chuyén thanh bac kim loai tao
nén anh Am ban. N&u cudng d6 dnh sdng khong qué lén thi lugng bac giai
phéng ty & bac nhat véi do rot sdng. Sau khi mang ra khoi thude hién va
rita sach bing nudc, kinh Anh duge dua vao thuée him. Thude hdm c¢6 tac
dung hoa tan céc tinh thé AgBr chua bi phan huy (vi khong duge chigu
sdng) ra Khaéi 1ép nhil twong. Tuy theo quy trinh ché tao céc hat nhil tucshg
tao anh ¢ kich thude khic nhau. Kich thude hat nhii tirong cang 16n thi do
nhay sang cang 16n nhung kha nang phan giai phé cang kém di. Do den
ctia anh vach phé thu dirgc trén kinh ty 1 véi cudng do cha vach phé. Kinh
anh ciling dugce chia thanh nhiéu loai dé dung cho cdc viing bude séng khic
nhau tir tir ngoai, kha kién dén héng ngoal gin. ‘frong vung héng ngoai, do
nhay phé kém ngudi ta hau nhu khong ding kinh anh.

5.3.2. PDA (Photodiode Array} va CCD (Charge coupled device)

Kinh dnh ¢é thé goi 1a detector da kénh. Tuy nhién, khdi niém detector
da kénh thue su chi duge diing dé chi cac mang photodiode (PDA) va CCD
(Charge coupled device).

PDA (Photodiode Array)

PDA 1a mot mang tuyén tinh cdc photodiode riéng 1¢ duge ché tao nho
¢ong nghé mach tich phan (hinh 5.10). PDA cdn duge goi 1a sensor anh
tuyén tinh. Viing nhay quang cia mdi photodiode (pixel) c6 kich thudc
dién hinh 4 rong 25Um, cao 2,5mm. Gita cac pixel khong c6 viing "chét”.
Do rong pixel hep la dé c6 duoc do phan giai phé cao. D¢ cao pixel lon dé
thu duge nhiéu tin hiéu. Chiéu cao nay dugce dat doc theo chiéu khe mdy
quang phé. S& pixel cé thé 1a:128, 256, 512, 1024,
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Hinh 5.10. Cau tao PDA

Cac pixel hoat dong thco co ch€ quang din. Dong photon t6i trén méi
pixel s& sinh ra dong quang dién. Dong quang dién ndy duoc nap vao céc
tu dién riéng ré. Khi "doc" PDA, cdc tu dién s€ 1dn lugt duge phéng dién
vao mach dién clta "chip” va thong tin dugce 13y ra theo mét trinh tr thoi
gian dat san. Khi PDA dugc "doc" timg pixel sé& duoc doc lin lugt chi
khong phai dong thai. D6 12 qud trinh do dién tich electron (tinh ra e) du
trit trong timg pixel. Céc chuyén mach dién t néi véi timg photodiode
dugc tao ra ngay trong cdu tric ctia "chip”. Thoi gian [dy tich phan 1a mét
thong s6 ¢6 ¥ nghia khi xay dung phép do vSi PDA.

Dic biét la ngay ca khi khong c¢é dnh sdng tdi vin cé ro dong dién
trong moi photodiode. Dodng dién nay goi la dong t6i. Tu dién cha timg
pixel nap ca dong t6i va dong quang dién khi dugc chigu sdng. Véi thoi
gian 1dy tich phan dai, cdc tu dién s& bi ddy va lam mét hét thong tin hiu
ich. Thoi gian bio hoa 1a dai lrong déc trung cho qud trinh niy. Trén hinh
3.11 1a duong cong mo ta su phu thude clia thai gian bio hda vao nhiét do
cia mot PDA thong dung. Do mifc d¢ bio hda cao, din dén khé nang phoi
sing 16n, PDA dugce ding dé do phé tin hiéu dnh sing manh. Tuy nhién,
PDA cé d6 6n doc 1dn hang tram dén hang nghin electron/kénh nén do
nhay bi giéi han. D€ do tin hiéu dnh sdng y&u ngudi ta dung CCD.
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Hinh 5.11. Thiti gian bio hoa cha PDA theo nhiét dé

CCD (Charge coupled device)

CCD 12 mot hé cam bi€n quang hai chiéu (2D array of photesensors).
Gi6ng nhu PDA, CCD duge ché tao nhd céng nghé mach tich phan tao
thanh mot "chip” ban din. Mang hai chiéu nay ¢6 céu tric dién tr khac véi
PDA. Khong c¢6 chuyén mach dién tir n6i véi timg pixel. Kich thuée dién
hinh cta méi pixel 1a 27 x 23r';,1m2 duge xép thanh 256 hang va 1024 cot
(hinh 5.12). Gifta cdc pixel khéng ¢é vang "chét” mac du ¢ sv phan cich
tot gifta timg kénh tin hiéu. Khi doc, tin higu (dudi dang dién tich) duge
chuyén dich tudn tu sang chét 16j ra. CCD ¢é do6 6n doc rdt thap, do d6 c6
d6 nhay rit cao, tuong duong v6i nhan quang dién. Do 6n doc cla méi
pixel chi vai electron. CCD ¢6 d6 nhay 100 1an 16n hon PDA va thuong
duge dling khi do tin hiéu sdng y€u nhu tAn xa Raman, huynh quang...

Khi ding CCD do 4nh sdng lién tuc can ¢é mot man sap (shutter) néu
khong s& bi méo dnh do dién tich chuyén ddi trong qud trinh doc.

Ban chdt haj chiéu ciia CCD cho phép thu phé anh néu ding voi may
guang phé thich hop (imaging spectrograph). Nhiéu tin hiéu quang dugc
chiu 1én cdc phdn khéc nhau cia khe 161 vdo cha mdy quang phd. Anh
phan giai phé cta tin hiéu quang dugc chigu tén CCD dat trén mar phing
tiéu clla may quang phé. Khi d6 nhiéu phé cé thé déng thoi thé hién trén
man hinh computer dé so sanh va phan tich. Vi du, phé tir cdc phan khéc
nhau clta mot dén véi tin hiéu quang dira tdi khe bang cée sgi quang.
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Hinh 5.12. Sa dé cau triic CCD

Mot CCD c¢6 thé chia 1am nhiéu ranh, méi rdnh chita 1024 pixel. S6
ranh, chiéu cao ranh va khoang cich giita cdc ranh cé thé dat truéc nho
mot phan mém diéu khién. S6 ranh t6i da 1a 256, bang s6 hang pixel cia
CCD. S6 liéu tir méi ranh c6 thé dugc hién thi trén man hinh m4y tinh duéi
dang phé gidn doan hoac anh don véi thang mau khdc nhau. CCD cung co
thé dung & ché do anh mot chiéu. Khi dé cic pixel cla timg cot duoc néi
lai v6i nhau, tao thanh mot mang tuyén tinh giéng PDA. O ché dé nay
CCD hoat dong nhu PDA nhung c6 do nhay cao hon.

Bang 5.1. So sanh mét s6 thong sé ctia PDA va CCD

‘ Théng s6 PDA cco
Kich thudc pixel 25 pum x 2500um 27um x 27um
Murc d6 bao hoa _ 125.10%¢ 250.10%e

Phai sang bao hoa >107mJ.cm™ | >250pJ.cm™
Dong t6i & 25°C < 0,1 pAlpixel < 0,1 fA/pixel
Gidi han do ' < 3,3 pJ.cm™ (~ 3800e) <38fJ.cm™
Ving phé - 180 — 1100nm 180 — 1100nm

Hinh 5.13. Mét s& photodiode, PDA va CCD
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Chuong 6
MOT SO KY THUAT PO QUANG DIEN

6.1. KY THUAT KHUECH DAI LOCK = IN

Cdc bd khuéch dai lock — in duge st dung dé do va do tin hieu AC rat
nhd, ¢6 thé dén vai nano von. K¥ thuat nay cho phép thuc hién cdc phép do
chinh xdc khi tin hiéu nho bi che 18p bdi cde ngudn nhiéu én Idn hon hang
nghin 14n. Khuéch dai lock — in st dung k¥ thuat do nhay pha nhim tich
bi¢t thanh phan tin hi¢u & mot tdn s§ va pha so sénh xdc dinh, 6n nhiéu &
cdc tan s0 khdc tan s6 so sanh bi loal trir va khong anh hudng dén phép do.

Vi du, tin hiéu c¢an do 1a moét tin hiéu hinh sin, 10nV & tin s& 10Hz. Vi
tin hiéu can do yéu nén phai duge khuéch dai vuot 18n 6n nhidu. Mot bo
khuéch dai t6t ¢é 6n thdp vé on 161 vao khoang 5nV/Hz'"?. Néu do rong
bang tin khuéch dai la 1T00KHz va h¢ sé khuéch dai la 1000 thi khi dé tin
hieu do 161 ra 1a 10nV x 1000 = 10 pnV va tin hiéu on 161 ra la SnV/ Hz' x
(100KHz)'"? x 1000 = 1,6mV. Ta s& khong thé do duoc tin hid¢u ¢cin do trlr
khi tich biét duge tan s6 cha tin hi¢u quan tam. * _

Neéu ta ding mdt b loc bang tan 16t & sau bd khuéch dai véi Q = 100
g v tan so trung tam 10K Hz thi moi tin hiéu trong mot bang tan 100Hz
(= 10KHz/Q) s& duge thu. Tin hiéu on sau bd loc s& la: SnV/Hz'? x
(100Hz)"* x 1000 = 50V, con tin hicu do van 12 10pV. Nhu vay én 16i ra
van cao hon tin hidu ¢dn do va hé sd khuéch dui cao cling khong gidp ich
gi cho vi€c tang ty 1é tin higu trén on.

Tuy nhién, néu ta sir dung bo khu&ch dai nhay pha thi van dé sé khic.
Bo khu&ch dai nhay pha c¢é thé do tin hidu & 10KHz v4i do réng bang tin
rit hep téi 0,01Hz. Trong trudng hgp nay 6n 161 ra trén bang tdn do & chi
1a 5nV/ Hz'? x (0,01Hz)'" x 1000 = 0,54V trong khi tin hicu do vin 12
10uV. Ty s6 tin hiéu trén 6n bay gid 1a 20 va ¢ thé do tin hiéu mét cich
chinh xéc.

160



6.1.1. Nguyén tac cla ky thuat khuéch dai nhay pha

Céc phép do lock — in déu doi hdi mét tdn s6 so sanh (reference).
Thong thudng trong mét thi nghiém quang, miu do duoc kich thich bdi
mot tan s6 1ap lai xéc d'jnh va h¢ lock — in s& thu tin hi¢u ddp (ing & mot tin
8 so sanh.

Vi du trén hinh 6.1 tin hiéu so sdnh (a) ¢é dang xung vuéng tan s8 o,.
D6 c6 thé la tin hiéu déng bo 14y ra tir mot may phat chic nang. Néu tin
hiéu hinh sin 13y ra tir mdy phat chiic ning nay duoc sit dung d€ kich thich
thi nghiém thi tin hi¢u dép tng 6 thé ¢ dang (b)

Vy=Vysin{ot+ @)

v6i Vs 1a bien d06, o, — tén 4 tin hi¢u, ¢g 12 pha cha tin hiéu dap Ung
cn do. '

Bo khuéch dati lock — in s& phat ra mot tdn s so sianh riéng (tan so so
sdnh noi) thuong la nhd mot mach khéa pha duoe gai béi tan s6 so sanh
bén ngoai. Tin hi¢u so sanh nodi ¢6 dang U = Up-sin (ot + 8).

Hinh 6.1
a) Tin hiéu so sanh ngodi; b) Tin higu cén do; ¢) Tin hiéu so sanh ndi
Bo khuéch dai nhay pha s& khuéch dai tin hiéu cdn do #6i nhan né véi

tin hiéu so sdnh nh& mot bo nhan. L6i ra chia bo khuéch dai nhay pha don
gian la tich cha hai séng hinh sin:

VNP-: VO.SiIl ((l}r[ + (P) . [JO‘Sin ((_1)1_[ + 8)
= 1/2.V,.Ug cos[(w, — o )t + ¢ ~ 8] — 172.VUgcos[(w, + o )t + ¢ + 0]
L&i ra clia bo khuéch dai nhay pha 12 hai tin hiéu sin xoay chiéu & tan

56 (0, — ) va (@, + @ ). Néu ta ding mét bo loc tdn s6 xoay chiéu thi sé
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khéng ¢on tin hiéu 16i ra. Tuy nhién, néu o, = @, thi thinh phan xoay
chiéu tan s6 hiéu sé trd thanh tin hiéu mot chiéu di ra khoi bo loc:

Tin hiéu mot chiéu nay ty 1& v6i bién do cua tin hiéu can do V,,.

—| i Khuéch dai DC

. B4 loc tAn s6
Tin hiéu thap

Tln hiéu so
s&nh '
S Mach I
khéa pha

Hinh 6.2. S¢ dé kh&i mach khuéch dai Lock — in don pha

Viéc xem xét ban chat vat 1y ctia phép nhan nay va qud trinh loc trong
cdc loai khuéch dai lock — in khédc nhau 1a can thi€t. Trong cdc hé lock — in
tong ty (analog) truyén thong, tin hi¢u do va chi dan 1a cdc tin higu dign
the tuong tu.

Hai tin hiéu ndy duge nhan véi nhau trong mot bd nhan tuong tu va
sau dé duge loc nho mot hodc nhiéu tang mach loc RC. Trong cdc bd
lock — in s6 (digital) tdn s6 cdn do va tdn s6 so sanh dugc biéu dién thanh
mot chudi chit s6. Viéc nhan va loc duge thyc hién mot cich todn hoc nhd
mot chip gia cong tin higu 6.

(ia stv & 161 vao cha hé khuéch dai Jock — in ¢ thém céc tin hiéu én.
Khi dé b6 khuéch dai nhay pha va bo loc tdn s6 thap chi do cdc tin hiéu coé
tdn s6 rat gin véi tan s so sdnh cha hé lock — in. Céc tin hiéu 6n & tdn so
xa vOi tdn 6 so sanh s bi loai trir nho bo loc. Tin hiéu 6n & tan s6 rdt gan
véi tdn s6 so sanh ¢é thé dugc thu cing véi tin hiéu do & (61 ra tuy véi
cudng dé nho. Viéc 1am suy gidm tin hi¢u on 161 ra tay thudc vao do rong
bang tdn cla bo loc tan s6 thap. Do rong bang tan cla bg loc cang hep thi
cang loai trir dugc 6n ¢é tan s6 gan tdn s6 so sdnh. Do rong bang tdn cla
b6 loc tan 56 thap xdc dinh do rong bang tan cta bo khuéch dai nhay pha.
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Chi tin hiéu cin do & tan s6 so sdnh duge chuyén thanh tin hiéu mot chiéu
va khéng b1 anh hudng boi bo loc.

Tadn sd'so sdnh lock —in

Ta can phai tao ra tan s§ so sdnh lock - in bing tin s& cda tin hi¢u do.
Khoéng nhimg th€, hi¢u pha cdc tin hiéu nay ciing phai giit khéng déi theo
thdi gian. Néu khong, cos (¢ — ) & thay déi va V- khong con 12 tin higu
mét chiéu,

Noi cich khdc tin hig¢u so sdnh lock — in phai dugc khéa pha véi tin
hi¢u cén do. Cdc bo khuéch dai lock - in sir dung mot mach khéa pha dé
phét ra tan s so sdnh. Mot tin hiéu so sédnh ngoai duoc dua vio bo lock —
Mach khéa pha trong bo lock — in s& khoéa b phdt dao dong tin s& so sanh
ndi véi tin hiéu s0 sanh ngoE{i nay, tao ra mét tin hiéu hinh sin tdn sé w_vdi
mot d¢ léch pha c6 dinh 8. Boi vi mach khéa pha chit dong do tim tan s6 so
sanh ngoai, nén cic thay déi trong tdn s6 so sdnh ngoai khong anh hudng
dén phép do.

Trong trudng hgp trén, tén s6 so sdnh ngoai 14y tir nguén kich thich.
D61 véi nhiu truong hop khdc cé thé diing chinh bo phét dao dong bén
trong lock — in d¢ diéu khién nguén kich thich. 6 13 mot mdy phdt chuc
nang vaéi tin higu sin 16i ra luoén khéa phd va1 bo phdt tén s6 so sanh néi.

Bién d¢ va pha

Tin hiéu 161 ra ctia b¢ dd nhay pha ty 1¢ véi V.cos (¢ — 8) = Vy.cos a
vGi o = (¢ — B) 1a d6 léch pha gitta tin hi¢u do v tin hiéu so sdnh noi. Bing
cdch diéu chinh 6 ta c6 thé 1am cho o = (p — 0) = 0 v ta ¢6 thé do duoe
gid tri Vy. (cos a = 1). H¢ lock ~ in véi mot bo do nhay pha goi ta Tock —
don pha va 161 ra cia né 1a V.cos a.

C6 thé loai b dugc su phu thude vho pha niy bing cich thém vio mot
bo do nhay pha thit hai. Néu bo do nhay pha thi hai ndy nhan tin hiéu do véi tin
hi¢u so sinh ndi da bi dich pha 9{} tic 1a nhan véi Uysin (ot + 8 + 90°) thi
tin hiéu [61 ra sau bo loc s€ 1a:

Ver = 1/2VUgsin(g — 8) ~ Vsina
Nhu vay ta s& c6 hai tin hiéu 161 ra twong (ng ty 1& v&i cosa va sina.
Ta goi hai thanh phén (8t ranay la X va Y:

X =Vycoso; Y =V,sina.
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Hai dai lwong nay thé hién mot vecto tin higu c6 lién h¢ v6i bo dao:
dong tén s6 so sanh lock — in. X goi 12 thanh phan cang pha, Y goi la thanh
phén "vaong géc” vi khi o = 0, X chi tin hi¢u cén do, trong khi d6 Y = 0.

Bang cach tinh bién do R ca vecto tin hiéu, sy phu thugc vao pha cé
thé loai b: R = (X7 + YH* =V,

R cho bi€t bién do tin hidu cin do v khong phu thudc vao léch pha
giita tin hiéu do va tin higu so sanh lock —in.

Mot hé lock — in ludng pha ¢6 hai bo do nhay pha voi mdy phat dao
déng so sdnh léch pha nhau 90° cho phép do XY va R truc ti€p. Ngoai ra
¢6 thé xédc dinh do 1éch pha gitta tin hiéu do va tin hiéu so sanh theo cong
thic sau:

a=tg (Y/X).

Gid tri do thic cua lock —in

Thuc chét lock — in do gid tri gi? Theo Iy thuyét Fourier, mot tin higu
16i vio bat ky déu cé thé bi€u dién bing téng cla rat nhicu séng hinh sin
v6i bién do, tin s6 va pha khic nhau. D6 1a biéu dién cia tin higu trén
phuong dién tin so.

Cac dao dong ky thong thudng thé hién tin higu vé phuong dién thai
gian, su thé hién nay khong mang nhi¢u thong tin vé cdc tin s& khédc nhau
tao nén tin hiéu. Mot bo lock — in nhan tin hiéu do v6i mot séng hinh sin &
tin s6 so sdnh. T4t ca cdc thanh phén clia tin hiéu 161 vao, déu dugc dong
thoi nhan véi tin hiéu so sanh. V& mit todn hoc, cdc song hinh sin tAn s6
khic nhau 1A vuoéng géc v6i nhau, cé nghia la gia tri trung binh cua hat
séng hinh sin 12 bang O trir khi hai tan s6 chinh xdc bang nhau. Nhu vay
tich chia phép nhan nay s& tao ra mot tin hi¢u mot chiéu ty 1& vdi thanh
phan Fourier ciia tin hiéu ¢6 tin s6 khda chinh xdc v6i tdn s6 so sanh. Sau
d6 bo loc dat & sau s& cho gid tri trung binh trong d6 di loail bo tich cua tin
hiéu so sanh véi tat ca cdc thanh phan cd tan s6 khac. Bo khuéch dai lock — in
do thanh phan Fourier don cila tin higu & tén s6 so sénh.

Vi du mét tin hiéu dang chudi xung vuong cé thé biu dién theo chud
Fourier nhur sau:

S(t) = 1,273sin (0t) + 1,4244sin 3ot) + 0,2546.sin(5mt) + ...

voi o = 2nf.
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B0 lock ~ in khéa véi tin s6 f s& chi tach biét thanh phén thir nhat. Tin
hiéu do duoc s€ 1a 1,273 sin (wt) chi khong phai tin higu xung vusng.

Trong thuc t€, tin hi¢u 16i vio gém tin hiu do va 6n. On duge xem I
cdc tin hi¢u bién thién & moi tdn 6. Mot bo lock — in 1§ tudng chi dap tng
dn & tan 56 so sdnh, 6n & cdc tdn s6 khic s& bi loai bé nhd bé loc tan s thap.

Ghép no1 167 vao

De dat duge chinh xdc cao nhét cho phép do, cén phai chi ¥ giam
thi€u cdc ngudn nhidu khic nhau ¢6 thé xuat hi¢n trong phong thi nghié¢m
(nhur fa mo6 to, mdy phét tin hiéu...) va van dé chénh léch dat giita ddu do va
lock — in. C6 hai cach néi tin hiéu dién dp vao lock ~ in: néi mot ddu don
va ndi vi sal.

Thf nghiém Lock —in SR 850

Nguén tin A

hiéu ' i
aj - I
R
| L

L

Thi nghigm Lock — in SR 850

Ngudn tin A

higu | o =
b} : | . | P
. B -

I

Hinh 6.3. S¢ dé ndi tin higu i8i vao lock — in
a) NGi mét dau A; b} N&i vi sai hai ddu A - B

Trong céch néi tht nhat (hinh 6.3a), tin higu dwoc dua vao ddu A cla
lock — in bang mot day boc kim. Lock — in s& do tin hiéu Ia do chénh dién
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dp gita 131 va vo diy din. Ngudi ta khong néi truc ti€p vo clia cdp A véi
d4t ma n6i vai dit cha mach lock — in qua mot dién trd. Gié try dién tré nay
thong thudng tr 10Q dén 1KQ. Diéu nay trinh duge vin dé mach ndi dat
gilta thi nghiém va lock — in do dién th& dat khdc nhau. Tuy nhién, 6n
nhiéu cam \ng trén vo day dén s& xuét hién nhu 1a 6n doi véi lock — in.
biéu nay 12 khong t6t vi lock — in khéng thé loai bd duge 6n nhidu nay.

Trong cadch néi thit hai (hinh 6.3b) lock — in do hiéu dién thé giita_hai
161 day dan n6: vao hai ddu vao A va B cua lock — in. Nhiéu 6n cam (ng
trén vo day sé khong chuyén thanh tin hi¢u én. Khi sir dung hai cép, diéu
quan trong la phai giit sao cho chdng ¢é cung d6 dai khi di tir thi nghiém
dén lock — in. Pic biét 13 khong dé tao thinh mach kin ¢6 dién tich i6n
gitta hai day. Dién tich mach 16n s€ nhay v&i cam tng 1.

6.1.2. Vi du

Dé 1am vi du minh hoa, ta xét bd khué&ch dai lock — in DSP — SR - 830
(cua hang Stanford, USA). So dé khoi cua hé DSP lock — in amplifier SR ~
&30 duoc trinh bay trén hinh 6.4. Day 1a mot hé lock — in ludng pha.

C6 thé chia hé DSP lock — in amplifier SR — 830 niy lam 5 bo phan:
Key board, display board, Analog input board, DSP logic board + CPU va
Power supply board.

DSP logic board lay tin hiéu digital tr A/D converter clla khoi Analog
input board va thuc hién tat ca cdc phép tinh todn lién quan dén phép do
trude khi né duge thé hién trén man hinh, bao gdm ci viéc phat ra tin hiéu
so sdnh hinh sin, tron tin hidu, loc tdn s6...

Mach khda pha so sdnh s& diéu khién bo phan nay khi ché dé so sénh
dugce chon tir bén ngoai. Céc hoat dong nay duge thuc thi nhd § khéi chitc
ning: bd gia cong tin hiéu sd (DSP), cdc dau ra DAC, mdy phat tin hi¢u dat
thoi gian, mdy phdt dong ho so sdnh va giao dién I/O. Nho cde thudt todn
¢6 hiéu qua cao, hé ndy c¢é thé hoat déng khéa thdi gian téi 100kHz véi do
loc 24dB/oct trén ca hai kénh X va Y ciing nhur cung cé&p mot tin hiéu hinh
sin tong hop 16i ra. Hé lock — in SR — 830 sit dung mot bo gia cong tin hiéu
56 Motorola 24 — bit DSP56001 (U501). Bo gia cong tin hiéu s6 DSP nay
co cau hinh khong dung b$ nhd ngoai. Thuat todn lock — in s& hoat dong
hoan toan trong pham vi chuong trinh nd1 va bd nh& dit Liéu cia chinh DSP.
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Budng dan (Bus) gia cong chi duge néi véi CPU théng qua giao dién I/O
trén DSP logic board. Bo gia cong 80C186 tren CPU board sé tac dung nhu
.bo gia cong chu d6i véi DSP. Cic Iénh va chuong trinh co sé (firm ware)
DSP dugc téi vé tir CPU board dé tao ra cdc mode hoat dong khéc nhau. Bo
phan Analog input board la ciu néi quan trong giira tin hiéu pho 161 vao va
b6 gia cong DSP. Tir panel mat tién BNC tin hiéu ph6 di qua bo khuéch dai
ngoai vi bién dang thép, céc tdng khuéch dai, cic bo loc réi cusi cung dén
A/D converter. Mot khi da chuyén thanh dang s6, tin hiéu 16i vao s& duoc
gia cong boi bo DSP.

Low Noise " 50/60 Hz  100/120 Hz

Differential Notch Notch
Amp Filter Filter Gain
A ,
Voltage B DC Gain
Current | , Offset
Expand

—’—. Y Out
1
~’—Q X Out

Sensitiv
Detecto

Reference In

Low
Sine or TTL Pass
Distrintiiatr Phase  Internal - ~Phase Filte DC Gain
Locked Oscillato Sensitive : Offset
Loop Detector Expand
»—. Sine Out
]—’—0 TTL Out
Discriminator

Hinh 6.4. Sd d6 khéi cta hé IjSP lock — in amplifier SR — 830 (Stanford, USA)

Hé DSP lock — in amplifier SR — 830 ¢6 thé dat chuong trinh tir xa
thong qua giao dién RS232 hodc GPIB (IEEE — 488). Ta c6 thé khai bdo
giao dién 16i ra nho ban phim hoac 1énh OUTX khi bat ddu méi chuong
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trinh dé€ chi dén su héi ddp dén giao dién mong muén. C6 thé dung mot
card GPIB dé lién lac giita mdy tinh va SR — 830. Trudc khi lién lac v6i
SR — 830 théng qua giao dién GPIB can phai dat dia chi thiét bi SR — 830.
Dia chi nay duoc dit tir ban phim va c6 thé dat giita 1 va 30. Su lién ]-E_iC vai
SR — 830 sir dung cdc ky tu ASCIL. C4c lénh c6 thé hodc 1a chir thudng
hoéc chif in hodc chita céc ky tu tréng. Hé SR — 830 ¢6 bo nhé 16i vao 256
ky tu va ti€n hanh céc l1énh theo trat tu nhan duge. Tuong tu SR — 830 ciing
c6 mot bo nhé 16i ra 256 ky tu dé luu trit cic tin hiéu 16i ra cho dén khi
mdy tinh chu san sang nhan.

Mot s6 thong s6 cua bo khuyéch dai Lock — in SR830:

Kénh tin hiéu:

— Dién dp vao: A hoic do léch (A - B)

— Dong vao: 10°+ 10°V/A

— Thang d¢ nhay: tr 2nV + 1V

— Dong nhiéu vao: 6nV/ Hz tai 1kHz (tiéu biéu)

— Loi suédt dong: 16n nhat 1a 100dB (khi khong loc tin hiéu)

CH1 Display

CH2 Display

Ref Display

Signal Inputs
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Analog Outputs

Ref Inputl

Sine Output

Hinh 6.5, Dao dién cla lock-in RS—830



Kénh so sanh:

~ Pham vi tin 6 so sanh: tir ImHz dén 102Hz

— Xung so sdnh: TTL (vuéng) hay dang hinh sin.

— Do phan gidi pha: 0,01°

— Sai 56 pha tuyét.déi: < 1°

— Sai 6 pha tuong ddi: < 0,01°

~ Pha truc giao: 90° + 0,001°

— Sy tréi pha: < 0,01"/°C néu tdn s6 so sinh dusi 10kHz
< 0,1°°C néu tan s6 so sanh trén 100kHz

6.2. KY THUAT BOXCAR

Trong mot bo tich phan boxcar (boxcar integrator), mot clia sé thdi
gian v6i mot d6 dai nhét dinh duge dit cho tin hiéu 167 vio v6i mot thoi
gian tré no dé sau tin hiéu triger va dién tich trong Gmg dugc nap vao mot
tu dién véi mot hang s6 thoi gian thich hop. Céc xung duoc ghi. fap laj
nhiéu 1an va tu dién s& nap dén gid tri dimg. Dién thé trén tu s& duge doc
nho b ghi. Day 12 mot ky thuat dé do sy tat dan cudng do 4nh séng theo
thoi gian. Vi du, mot xung laser ngén duoe sit dung dé kich thich nguyeén tu
0 théi diém t = 0. C4c photon huynh quang s& dugc dd bang mot dng nhan
quang nhanh. Tin higu di¢n twong Gng c¢é dang nhu trén hinh 6.6. Nguroi ta
can do tin hiéu quang gén nhu tic thai trong tién trinh phé nay. Khi dung
bo tich phan boxcar, néu su teé thoi gian duoc 1am tiang 1én ir tir (véi téc do
tuong thich v6i hing 56 phéng dién da chon), thi tién trinh suy giam cuong
d6 theo ham e — mii s& dugc tao ra trén bo ghi. Mot bo chuyén déi tuong ty
— s6 ADC (Analog — Digital Converter) & I6i ra ctia bo tich phan boxcar ¢6
thé duge st dung dé 1am tin hiéu phi hop véi qud trinh x(r 1y trén mdy tinh.

' Cutng
Hink 6.6. Minh hoa phuang o
phap do cac qua trinh ! - Ham e mi
quang hgc trung gian v

tire thai '
{optical transients) ~ v
. N Thai gian
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K¢ thuat boxcar tuong déi don gidn nhung ré rang 1a chua hiéu qua vi
chi sir dung cic photon sau mot thai gian tré nio dé con cde photon khéc bi
loai bo. Ngoai ra, k¥ thuat boxcar doi hdi nhing trang thdi quang hoc trung
gian gém mot sé 16n cdc xung photon riéng 1é. Nhan quang di¢n phai ghi
cdc tin hiéu rit manh v rdt yéu trong nhitng khoang thi gian ngin c6 thé
tac ra tinh phi tuyén trong nhan quang, lam giam d6 chinh xdc. |

K¢ thuat boxcar thuc t€ gom mot bo tich phan — cdng (gated -
integrator) vd mot bo trung binh Boxcar (Boxcar averager) thiét k& dé do
¢éc tin hiéu twong tu (analog) nhanh, 1ap lai véi thang thot gian tr vai tram
picro giay dén vai trim micro giay. Thong thudng cong thoi gian duge phét
ra v3i mot su tré dac trung d6i véi triger ngoal (hodc trong) va cé mot do
réng ndo d6. Bo tich phan — cong khuéch dai va tich phan tin hiéu ¢é mat
trong thi gian cdng md, bd qua moi 6n nhiéu cé thé ¢6 ngoai khoang thoi
gian nay. Bo trung binh Boxcar 1am nhiém vu 1dy trung binh tin hidu 16i ra
clia bo tich phan — cdng trén nhiéu xung cla thi nghiém. Vi bat k¥ tin hiéu
niao ¢6 mat trong cong thoi gian s& dugc cong vao tuyén tinh trong khi én
duge cong vio mot cach ngiu nhién nhu 14 cin bac hai ciia s6 xung nén lay
trung binh N xung s& lam cai thién ty s6 tin hi¢u/6n thém N7 lan.

Bo tich phan cong thudng dung trong phép do cdc xung laser. Thiét bi
¢6 thé cho cdc s6 ligu timg xung duge ghi boi méy tinh thong qua bé
chuyén déi A/D. Bo tich phan — ¢éng thuong duge chi dinh diing trong tinh
huéng khi tin higu c6 chu ky lap rat thdp, tan s6 lap lat xung thdp va toc do
dém tre thoi cao.

6.2.1. Nguyén ly boxcar

Duéi day trinh bay 1y thuyét don gian st dung cho cdc thi€t k& hién
hanh. Chi tiét hon vé 1y thuyét boxcar ¢6 thé tham khao trong [15].

Tich phan boxcar (boxcar integrator), hay tich phan céng (gated
intcgator) 1a ky thuat analog dua trén ban chit khong két hop cua cdc thanh
phdn nhiéu dé tang ty s tin hiéu trén én ($/N) cha I6i viio bién déi tuén hoan.

Mot séng 161 viio ¢ dang V,,(t) c6 thé xem nhw tong cila tin hiéu that
V (t) cong vdi 6n nhiéu V (t}). N&u tin higu V (t) 1a tudn hoan véi chu ky I,
n6 duge goi lakét hopvi

V()= V(t+T)=V(t+ml) (6.1)

trong d6 m 1a mot s nguyén.
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Thanh phdn nhiéu V (1) theo dinh nghia la khéng két hop do khong cé
sy tuong quan giia V (1) va V (t + m[). Nhiéu duge xem nhu ¢ mot phan
b6 phé khong déi tir khong cho dén tén s6 cao nhat duge xét den.

Trong tich phan boxcar, dang séng 16i vio Vin(t) dua vao vao mach 14y
tich phan vdi hang s6 thdi gian T tai thai diém to trong khoang thoi gian 1
— dugc goi 1a "gate” (¢dng). Quan trong 12 mach dién phai chudn hod 16i ra
theo do rong "gate” 1. Vi 161 vio bao gém cd tin hiéu V(©) va nhidu V (1),
I6i ra cha mach tich phan V,,(t) theo don vi (Vs™') duoc tinh boi bidu
thie sau:

1 ] ntT

Vou()=—— (V{(t)+V_(1))dt. (6.2)
T

Tich phan dugc lap lai trén N lin 18y mau ty, t;, .., ty (cdch nhau bai
chu ky '), sau dé cic két qua duge cong lai, gid tri V(1) luén duoc dat lai
vé 0-sau mdi 1an tich phan. N&u téng nay duoc chuin hod theo s6 ln Jay
méu N thi dién th¢ trung binh & 161 ra thu dugc la:

v, (1)_ii m=L11s H"‘“(v_(t)w (t))dt} (6.3)
ave N — Ollr | N T T o) " 5 [H]

Vi tin hiéu tuan hoan V (1), phuong trinh (6.1) dan d&n tich phén cua
V,(t) trong tat ¢ cdc 14y méiu m tai thdi dlém tré cong t(J cho trudc va do
réng 1, nghia la:

[ Vit =V, (t5,7) = const (6.4)

Phuong trinh (6.3) bay gi® tré thanh:
111 & +1
V.. (1 ———-V (ty, D +——— [ A tdt} 6.5
=" )NTTMf (mdt | (65)

Tir tinh chét cha nhiéu nglu nhién dimg, tich phan cla V_{1) cé thé
duoc biéu dién bing mot gid tri ngiu nhién, todn bo nhifu niy phan be
tudn theo ham Gaussian |3]. Hon nita, tdng ciia N ham Gauss nay cho mot
gid tri bi€n ddi thong ke c6 ky vong ty 1é thuan véi VN | két qua nay 13 do
ban chat khong két hop cia V(0.

Nh& vay, phuong trinh (6 5) ¢6 thé vist 1a:

m(t)- TV{t r)+—%¥v (1). (6.6)
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Trong dé, V_”(jc) Ia bién do nhiéu thy ¥ Gng véi do rong "gate” 1 da
cho (trong thuc t& V (1) bién déi theo J).

Tir phuong trinh (6.6), ¢6 thé thay ring, néu V (1) thuc s tuin hoan,
thi viéc 1dy trung binh trén N l4n 18y mau s& lam ting ti s6 tin hi¢u trén
nhidu véi nhan s6 VN . Trong thuc t&€, V(1) cling s& bién déi trong méi lan
lay miu, diéu ndy ¢6 lam gidm ty s& S/N mét chdt; tuy nhién anh hudng
nay s& khong thao luan & day. Mot sai biét khdc ciia mach boxcar thuc la
viéc 1dy trung binh theo N iin 18y méu dugc ti€n hanh theo quy ludt ham
mil; tuy nhién k&t qud can ban vé ty s6 S/N tang theo thira s0 IN vin
phi hop.

Néu "gate" bién doi nhay bac theo thdi gian doc theo tin hiéu va qud
trinh 14y trung binh ducc lap lai tai méi diém, thi toan bd tin hiéu géc o
thé duge tdi tao véi mot su ting cia ty s6 S/N. VGi mot tich phan tin hiéu
cho trude (vi du mot lugng khong déi s6 photon di dén nhan quang), chiing
ta mong mudén c¢6 duge do rong “gate” ngén nhat cé thé duge, nhim 1am
tang S/N; véi mot "gate” rong hon, dién thé 6n nhiéu s& giam theo 1/,
trong khi dé tin hiéu giam theo 1/1.

Mot xem xét quan trong cudi cing la anh hudng cua dé rong "gate”
hitu han 1 lén ddp tng t4n s& ciia mach tich phin. Néu xem tin hiéu thirc ¢6
dang V (t) = sin(wt) thi ddp tng cta mach dién véi tin hiéu nay theo mién
tan sg 1a:

V()= %% _r'z]ﬂsin(mt)dt = :}Tsin(m[tﬂ +%D[%;é2):l (6.7).

~ Thoi gian 1dy mau hitu han gay ra d6 dich pha ¢ = (ot/2), va gidm bién
do, thé hién trong dau ngodc thit hai, theo dang sin{x)/x trong dé x = (mt/2).
V@i tan s6 cuc dai duge xét dén ©
1=3/w

maxe 00 suy giam tai T = lo
tuong ing la 0,96; 0,66 va 0,24.

max?*

max Y& T = 5/mmax

B&i vay, phai lua chon mot thoi gian 14y mu rthich hop véi tdn sé cao
nhit dugc xét dén ma khéng 1am suy gidm déng k€ tin hiéu. Trong thuc té,
didu nay quy vé diéu kién sau:

T <1/, 6.8)

Trong dé o,,, la thainh phin tdn s& cao nhét can giai quyét trong
tin hiéu.
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Viée thuc hign do rong "gate” nhu mong mudn trong thuc t€ cé thé
khong dat duge do nhing han ché vé phan cimg, nghia 12 su dép tng tan s6
cua mach tich phan tréy nén bi gi6i han béi do rong "gate” 16 thiéu.

So d6 khoi clia mot qud trinh tich phan cdng v trung binh boxcar
duoc mo ta trén hinh 6.7.

Tin higu vao UT fviet T Vit UTZ [Vt
it |
B¢ tich phan Gia cong Lay EE—
' Integrator tin higu trung tinh Tin hiéu ra
F 3 |
Céng

Triger

Tao clng
T (gate}

F Dattai s6 0
/ .

LGi vao ﬁ‘ H

R2

/I - I:,_Tf _’Léi ra ‘

"Gate” ] Léy trungbinh :1_:

Triger ]—]

Tré —l—[

"Gate" H

Lay trung binh | l
Dét lat s6 0 A

Thdi gian -

Hinh 6.7. 80 d8 khéi cua mét qué trinh tich phan céng va trung binh boxcar
va gidn dé thei gian cla cac xung didu khién
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6.2.2. Vi du

D€ minh hoa, sau day ching 16i gidi thiéu modul boxcar t6c do cao
PCS — 150/PCI - 200 cua hang Becker&Hickl GmbH ciing vdi mot sé itng
dung ctia hé nay do dac pﬁe‘m giai thoi gian trong nlghién citu huynh quang,
hap thu laser v.v... Hé boxcar PSC — 150 va PCI — 200 dugc thiét k€ thanh
nhimg modul dé ghép néi truc tiép véi mdy tinh. Ching dugc dung dé do
céc tin hiéu lap lai v6i bang phé rong va do phan gidi cao. D€ ghi tin hiéu
ngudi ta sir dung k¥ thuat 18y miu Kén tiép. Nhd ¢6 moét cong tuyén tinh
toc do cao, viéc 14y miu duge thuc hién trong méi mét chu ky tin hiéu. Dé
¢ tin hiéu nhu 13 mot ham cia thdi gian, diém 1y méu duge dich di nhiing
$0 gia thoi gian rdt nho trén toan bo tin hiéu. PE do gid tri tin hiéu & mot
di€m chon truée, diém 1dy mau cé thé ¢8 dinh. Trong trudng hop nay, mdy
s& ghi dién the tin hiéu & thoi di€ém d8 chon nhu 12 ham clia mét thong s6
thay d6i bén ngoli. Trong tit ci cdc ché do hoat dong, ty & tin higu/én cé
thé dige ting cudong nhd 14y miu lap lai timg diém tin hiéu va ldy trung
binh cdc lan 18y méau nay. Cic modu! boxcar PSC — 150 va PCI ~ 200 c¢é
hai kénh tin hiéu dugc diéu khién bing hdt xung "gate" chung. Didu nay
tam cho cdc modul ghi duge dong thai hai tin hiéu vio. D6 rong "gate” clia
PSC - 150 1a < 150ps (dién hinh 13 120ps). D6 réng "gate ctia PCI — 200
c6 thé chon tir 2ns dén 50ns. D€ ghi cae tin hiéu quang téc dd cao, sin c6
rat nhiéu detector khdc nhau. Tiy theo 16¢ do va do nhay dodi hoi ¢6 thé lua
chon cac medul photodiode thdc 1i va PIN hay 1a nhin quang dién... Céc
xung triger ¢6 thé duge 18y tr tin hiéu cla kénh A hoac 13 mot xung triger
bén ngoai. Tat ca cdc chic nang duge diéu khién bang mot phin mém
kem theo.

a) Do thoi gian séng huynh quang

D¢ do ham tat ddn huynh quang ta c6 thé b& trf phép do nhu trén hinh
6.8. Laser nito phdt ra xung laser nho hon Ins vdi tdn s¢ lap lai tir 10 dén
100Hz. Cic xung nay s& kich thich m&u huynh quang C. Anh sdng huynh
quang dwgc dd bang photodiode PDM - 400 hoic APM - 400. Tin hiéu
nay dirge dua vao kénh B cia PCS — 150. P1 va P2 la cdc ban chia chiim tia
phan xa mot phan 4nh sdng laser vao bo "triger ty 1& quang hoc khong Jéi"
OCF - 400 va vao modul photodiode thit hai. Tin hiéu tit OCF — 400 duoc
dung 1am triger cho PCS — 150. Tin hiéu tir modul photodiode thit hai
PDM - 400 (hoac APM — 400) duge diing dé ghi dang cta xung kich thich.
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Céc kinh loc FI, F2, F3 dugc dung dé diéu chinh bién doé tin hiéu va mdy
don sac M dung dé chon budc song thich hgp clia dnh sédng huynh quang.

P P2 C
N2 Laser : E
M

—— —— 2 — 3

r] OCF-400 [] PDM-400 [] PDM-400
PM-400 APM-400 a)
PCS-150 Delt Del2
/ Trg

;%'zﬁ‘g

@

s

Hinh 6.8. a) So dé b tri do tét dan huynh quang;
b) Budng cong tat dan huynh quang & budc séng cé dinh
cung vai dang xung laser kich thich.

Thiét bi nhu trén c6 thé ghi ham tit din huynh quang, phd huynh
quang phan giai thoi gian hodc nhiéu dudng cong tat dan & céc budce song
khéc nhau, nghia 12 ddy du thuoc tinh budc song — thoi gian cta huynh
quang. Duong cong trén hinh 6.8 12 vi du ctia mot phép do tat ddn huynh
quang & mot budc séng chon trudc va dang cua xung laser kich thich. Phép
ghi phd phan gidi thoi gian dat dugc trong ch€ do "Fixed delay" (thoi gian
tré ¢6 dinh) ctia PCS — 150. Piém ldy méu dugc dat tai di€ém mong muén
clia ham tat dan. C6 dinh diém ldy méu, quét budc séng clia may don sic

trong thoi gian do ta s& ghi duge cudng do huynh quang & thoi diém da
chon nhu la mét ham cta buéc séng.
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b) Phép do hdp thu ticc thoi

Trén hinh 6.9 m6 ta mot phép do hép thu tic thdi. Nguén laser c6 thé
12 laser nito, laser Excimer hodc hoa ba bac hai cla laser Nd:YAG. Xung
laser dugc chia lam hai, mot phdn dén mau do, mot phdn dung dé bom mot
laser mau. Laser mau s& phat ra xung 4nh sing c6 buéc séng thich hop dé
do su hdp thu ctia phan tir kich thich trong mau. Detector D1 la mét modul
photodiode nhanh PDM - 400 s& phdt ra xung triger cho modul Boxcar

PCI - 200.
é E Prism
Optica’ | "
lay Probe
Beam
D1
\ B |
F1 _ D o
Pulsed Laser Dye Laser w2 b Fiker PDM-4C0
P2 gty B
. Bl
Pump Sample 4+ 20r40c
M1 Beam =l -
; "
P2 -
FDI-400
e Channel A
PCI200 = | Channel 8
*Trgger

Hinh 6.9. Phép do hap thu tifc thdi

Su hap thu trong miu dugc do bing detector D2 va D3, d6 1a céc
modul photodiode tich phan PDI — 400 cho xung 16i ra ty 1¢ nang luong va
c6 do rong xung c& vai tram nano gidy. Bién d¢ cia nhiing xung nay dugc
ghi boi hai kénh tin hiéu cia modul boxcar PCI — 200. Trong trudng hop
nay, PCI — 200 dugc dat & ché do "Fixed delay” va s& ghi dudng cong géom
céc gi4 tri trung binh ké& tiép clia cdc gid tri cudng do D2 va D3. Néu bo tré
quang hoc dugc thay déi lién tuc trong qua trinh do va ty s6 A/B dugc biéu
dién thi két qua nay chi ra sy tit ddn hdp thu cha céc trang thai kich thich
trong mau.

6.3. STREAK CAMERA

Trong quang phé hoc phan gidi thoi gian, ngudi ta can do cdc xung tin
hiéu rat ngan.
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Streak camera la thi€t bi cho phép do cdc hién twong dnh sdng cuc
nhanh, cho théng tin vé cudng do dnh sdng theo théi gian va vj tri hoac
burde séng. Khong mot thiét bi nao ¢6 thé do truc ti€p hien tugng 4nh séng
cuc nhanh véi dé phan gidi thoi gian t6t hon Streak camera.

Streak camera 12 mét thi€t bi hai chiéu cho phép déng thoi do hang
chuc keénh dnh sdng khdc nhau. Vi du khi két hop véi mot mdy quang phé,
c6 thé do su bién thién theo thdi gian clia cudng dé dnh sang t6i doi véi
birde s6ng (quang pho phan giai thai gian), két hop véi hé quang hoc chinh
x4c c6 thé do su bién thién theo thai gian ctia 4nh sang t&1 d6i véi cde vi tri
(do phan giai khong gian — thoi gian)

6.3.1. Nguyén ly hoat déng

So do nguyén 1y hoat dong clia Streak camera nhu trén hinh 6.10.

Xung dnh sdng c4n do (hodc chudi xung) dugc chiéu vio khe may. Dé
minh hoa, trén hinh 6.10 khao sdt mot chudi 4 xung 4nh sang cuong do
khdc nhau, ndm & vi tri khéng gian khic nhau mot chit va dén khe may &
thoi di€m lgch nhau mot chdt. Mot thiu kinh héi tu dua dnh cla khe len
photocathode cla Streak camera. Nhdy hiéu img quang digén, anh sdng tdi
tao ra cdc dién tu quang dién. S8 dién tlr quang dién ty 1& véi cuong do anh
sang toi. Dién nr sinh ra duge gia 16c béi cao the (2 — 5KV) va di qua mot
dién trudng quét véi téc d6 cuc cao trude khi dap viao man phosphor. Cu
thé 12 khi chiim dién tir di qua hai ban cuc quét, mot cao ap dugc dat lén
hai ban cyc vao thoi diém déng bo véi dnh séng t6i. Khi d6 céc dién tir sé
bi quét v&i t6c d9 cao vé phia ddy (tit trén xudng).

Trong qua trinh quét rit nhanh ndy, cac dién tir dén & thai diém khéc
nhau s& léch di nhiing géc khéc nhau theo phuong thang ding va dap 1én
tdm MCP (micro — channel plate). Tdim MCP cé tic dung nhan s6 dién tir
1én hang nghin 14n trude khi ban phd vao man phosphor. Vét dien tir va
cham lén man hinh duge rai doc theo truc thoi gian chudn héa theo téc do
quét. Trén man hinh, dnh phospher ting véi xung inh sing dén trugc sé
nam & vi tri trén ciing. Nhiing dnh khdc ké ti€p dugc sap dat theo thi oy tiy
teén xudng dudi. N6i cach khdc, huéng thing dimg ctia man phosphor trd
thanh truc thai gian. D¢ sing cha dnh phosphor ty & véi cudng do tuong
ing clia dnh sdng t6i. Cudng d6 cha vét bidu thi mat do dien tir va do dé 1a
anh thuc clia xung 4nh sdng. Mot khe sdng hep dat & cira 6 161 vao vuéng
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géc véi truc thdi gian dé tang do phan gidi thoi gian. Vi tri theo hudng
ngang cla man phosphor tuong tng vdi vi tri theo phuong ndm ngang cia

Mach quét
Tin hiéu triger
Bién cuc quét Théi gian

anh sang té1.

Khéng gian
\\\'\:\Bt:v - . ‘
N e 080 i Y%
Khe may i
Thoi gian / ‘L
Photocathode e MCP
Ludi gia
1o¢ Man phosphor

Tin hiéu triger |

pienthé quét  ———""

Anh phosphor

Anh séang tai "h Man phosphor

Thai gian

Hinh 6.10, Nguyén ly hoat dong cla Streak camera

Bing céch ndy, Streak camera c6 thé dugc sir dung dé bién nhiing thay
déi theo thdi gian va khong gian cila cudng do énh sdng can do thanh hinh
anh phin b do sdng trén mian phosphor. Nhu vay, ta ¢6 thé tim digc
cudng do quang hoc tir anh. phosphor, tim thdy thoi gian va vi tri anh sang
téi tir vi tri cha anh phosphor.

Streak camera phdt hop dé do phan gidi thdi gian. Nho dé phan giai cao
c6 thé diing dé€ do cdc xung laser cuc ngan dén 400fs.
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Hinh 6.11. Streak — camera C5680 cia hing Hamamatsu (Nhat)

6.3.2. S0 dé bé tri do dac

Khi st dung Streak camera dé do cic hién tugng quang hoc cuc nhanh,
cdn c6 mot bo triger va bo doc. Nguyén ly b6 tri hé do duoc mé ta trén
hinh 6.12. Bo phan triger diéu khién viéc dit thai gian quét.

Streak Camera do Frame —
camera nhay cao {9 Grabber

Pl

Photodiode Bo
v / PIN dung aé lam tré
triger quang A
hoc
Bo chia
> tén s8
Tin hiéu triger ngoai | | :

Hinh 6.12. Cau hinh co bén cla hé do véi Streak camera

Bo phan nay phai duoc diéu chinh sao cho viéc quét dugc khoi dong
khi dnh sdng dén Streak camera. Mu6n vay ngudi ta dung mot bo lam tré
diéu khién thi gian tin hiéu triger khdi dong quét-va mot bo chia tin s§ dé
chia tén s6 cta tin hiéu triger ngodi néu tin s lap lai cta triger 12 qua cao.

179



Trong truong hop tin hiéu triger khong thé duogc tao ra tir thi€t bi nhu la
laser thi né phai dugc tao ra tir chinh dnh sdng cén do va diéu nay doi hoi
mot photodiode PIN. Bo phan doc s€ doc va phan tich anh tao ra trén man
phosphor. Vi anh cla Streak camera la mo v mit di rit nhanh nén can
ding mot camera do nhay cao. Viéc phan tich anh Streak camera dugc thuc
hién bing cdch chuyén qua mdy tinh. ;

GaAlAs

Laser mau bom bang
e SHG clia laser Nd:YAG

2

Cryostat
Bo lam tré ‘Photodiode PIN

Streak Camera

\
CccD

Don sac ké
camera

Cudng do O
anh sang I 1L< EIK\
24000 b i 0
20000 =

16000 |

12000

8000 NN FTng gian

4000 |

0 ‘ g =

820 800 780 760
Budc séng nm

Hinh 6.13. B6 tri do va phé huynh quang phan giai thai gian cua GaAlAs
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Trén hinh 6.13 trinh bay mot vi du vé viéc ding Streak camera dé do
huynh quang phéan gidi thoi gian. Mau cdn do 1a thanh phan chdt bén dan
Ga Al As duge kich thich boi xung laser pico giay 580nm. Anh sang huynh
quang phdt ra khi di¢n 1r tr vé trang théi co ban duge cho qua mdy quang
pho phan tich budc séng trude khi duge dua vio Streak camera dé phan
giai thoi gian.

6.4. AUTOCORRELATOR

Cac thiet bj dién tir ké cd Streak camera chi do duge nhimg xung 4nh
sdng dai hon vai tram femto giay (400fs). B¢ do nhitng xung cuc ngin
(< 100fs) phai diing thiét b riéng, dya trén phuong phép hoan toan quang
hoc goi 1a bo tu tuong quan (Autocorrelator).

6.4.1. Nguyén ly hoat déng

Nguyen tic hoat dong cla thiét bi dua trén hai luan ctr. Trude hé,
ngudi ta dé y thy ring trong moi twong quan khéng gian - thoi gian, 4nh
sdng truyén trong khéng khi di duoc 300 micromét trong 1 pico gidy. Do
dai ndy ¢6 thé do duoc.

Thu hai la tinh chat ciia ham tuong quan da bigt trong toan hoc:

Gt} = j:F'{f)F(t —)dt

—uG

Khi ¢é hai ham phu thudc vao thoi gian F(t) vi F'(1), néu biét F'(1) va
ham twong quan G(t) 1a;

G"(1) = I{F'(f}F(twt)}”dt

ta s& bi€t duge F(t). Ham G(t) goi 12 ham twong quan bac mét, cdc ham
twrong quan bac cao hon duge xdc dinh nhu sau:

— Cé cling tinh chat.

— Tat ca déu cho cling mét két qua chimg nao ta biét duoc ham thir F'(t).

G, ()= [FOF(-1d

-
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Tuy nhién, trong quang hoc xung ngan, rit khé tao duge mot xung cé
dang xdc dinh F'(t). Ngudi ta chdp nhan do hdm tuong quan cla xung can
do F(t) v6i ban sao cha chinh né F(t — 1) di duge lam tré nho thay doi
quang trinh goi 1a ham tu tuong quan G,(1).

bo ham ty twong quan G (1) s& choe phép xic dinh duge d6 rong xung
cin do img vdi 1/2 cuc dal. Tinh todn cho thady mot xung dang Gauss cé d6
rong xung At & 1/2 cuc dai thi d6 rong cba ham ty tuong quan la
At=1414. At

Vé mait thue nghiém, dé ¢6 him tu tuong quan bac nhét ngudi ta ding
giao thoa k& Michelson, dé ¢é ham tuong quan bic hai ngudi ta dung hiéu
ttng quang phi tuy&n SHG.

6.4.2. Cac so dé quang hoc

Cé hai so d6 tu twong quan: dong truc va khong déng truc.

Trong so 46 tu twong quan déng truc (hinh 6.14) hai cham tia trong
giao thoa k& duge 16 hop mot ciach dong truc. Cau hinh nay din dén tin
hiéu tu tuong quan nam & trén mot phong nén khong déi. Nén dugce tao ra
do sy phdt to ngoai (UV) ngay khi hai xung chua tring nhau trong qud
trinh quét. Trong cdu hinh thd hai, ty twong quan khong nén (hinh 6.15),
hai chim tia dugc dich di so véi truc chung va té hgp khéng dong truc.
Trong cau hinh nay nén dugc loai trir vi UV phat ra chi & nhiing diém hai
tia giao nhau, di¢u kién phtt hop pha duge thoa min.

Nhan
quang
F 3
Kinh loc
Y
Tinh thé
phi tuyén
Bé tach chum
lia
Guong
it - - p - =i

Tia t&y

B& lam tré quang
trinh

[

¥

e s Guang

Hin#h 6.14. C4u hinh t¢ tuong quan ddng truc
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Nhan
quang

Kinh loc

Tin higu ty

tueng quan 2w Tinh thé

phi tuyén

Bo tach
4 chim tia

/ Tia t

L J

«—

Bg Iam tré quang
N

¥ 3
7 3

Lang kinh
phan xa nguge

Hinh 6.15. Cau hinh ty twdng quan khong déng truc
Vige xdc dinh chinh xdc phép do d6 rong xung bi khé khan béi hai yéu t5:
— Ty s6 gilta d rong xung thuc vi xung tir trong quan 12 mot ham cia
dang xung.
~ Dang xung c6 thé thay déi giita hai thdi cuc tiy thude thong s6 hoat

dong cla hé laser. T

Aty = 0,654

I
I
I
I
|
1
1
1
[}
i
1
1
1
'
1
]
i
]
b
b
]
I
I
I
I
|
I
I
i

Hinh 6.16. Dang xung trong gidi han bién dai secht
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Né&u xung laser cé dang sech” thi viéc xdc dinh do rong xung dé dang
hon. Pay 1& dang xung trong giGi han bién déi cho dé rong xung ngan nhat
cé thé (hinh 6.16). Dinh cuc daj cOa vét tu tuong quan thu duge 1a vi tri
dinh thuc ctia xung can do. P9 béan rong thyc cila xung can do bang 0,65
do rong xung tv tuong quan 18y & 1/2 cuc dai vét tu twong quan do duoc.
Chid y 1a ham tu tuong quan phdi ludén ludn d&i xing. Néu tin higu 16i ra
khong d6i ximg, Autocorrelator hodc da bi léch véi tia vao hodc cdc linh
kién quang hoc bén trong bi sat l1éch.

: Bo déo tia

Khdi thach anh

e g Guong M2
B dao tia \ Etalon )
' chudn o
' Bo tach L&i vao
: chum tia

Guong M1

Nhan guang Kinh loc
v

Bia kiém tra

[ I A R théng hang
Tinh thé
phi tuyén

Hinh 6,17, S0 dd quang hoc Autocorrelator Model 409 — 08 (Spectra — Physics)

6.4.3. Nguyén tac xac dinh dé dai xung

So dé nguyén tic do xung don va xung c¢b tan s6 lip lai cao la khic
nhau. Mot so d6 dién hinh do xung cuc ngan tin s6 lap lai cao (>10kHz7)
duoc trinh bay trén hinh 6.17. Diy 1a Autocorrelator Model 409 — 08 cla
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hang Spectra — Physics. D6 réong xung do duge tir 60ps — 40fs, bude séng
tir 690 dén 1080nm. So dé nay thiét k& theo cfu hinh khéng déng truc dé
tranh phong nén. Thay vi diéu chinh quang trinh hai chiim tia bing cach
dich chuyén guong, ngudi ta ding co ché quét bing cich quay mot khdi
thach anh dat trén dudng di cua cdc chim tia. Hai chim tia di vao khéi
thach anh véi cac goc léch so vdi phdp tuyén cha bé mit khéi. Khi khai
thach anh quay, géc t&i ctia mdi chiim tia trén mat khéi thay déi dan dén
thay déi guang trinh. Bing cdch cho ca 2 tia di qua khéi thach anh su bién
thién quang trinh cila tia ndy so véi tia kia 4 tuyén tinh trong pham vi géc
quay khoéng 72°.
A TN

A <]

i A\

o

(_\ AB
A .,,__/\_.

=
~
/
o
I

Hinh 6.18. Cag vi tri xung khi quay khai thach anh

Trén hinh 6.18 chi ra cdc vi tri cla xung va su tring nhau cla chdng
khi quay khéi thach anh. Khi bat ddu quét, quang trinh A 13 cuc tiéu,
quang trinh B 1a cuc dai. Khi kh6i thach anh quay, cdc xung chuyén dong
S0 v6i nhau vdi tdc d6 khong déi. Tai diém khi géc 16i clia tia A va B nhur
nhau thi ching s& chong chit 1én nhau. Khi khéi thach anh ti€p tuc quay
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cdc xung ro1 xa nhau, két thdac mot 1an quét. Khi cic xung chéng chat 1én
nhau va duge hoi tu vao tinh thé phi tuyén (droc v6i mot géc t6i chinh xéc
dinh trude) thi su ty tuong quan xuft hién. Bitc xa tong hop tir tinh thé duoc
loc nhd mét kinh loc UV rdi huéng vio nhan quang dién. Tin hiéu 16i ra
cua nhan quang cing vdi xung dong bo phét ra bdi moto quay khéi thach
anh s& tao ra hinh anh xung trén dao dong ky.

D& quan sét tin hiéu tr twong quan chi cin mot dao dong ky binh
thudng (vi du 200mV/div; 5ms/div). Thang th&i gian trén dao dong ky sé
dugc 18y chuén dua vao ty s6 thoi fian lam tré/thi gian quét. Khéi thach
anh dugc quay boi mot moto xoay chiéu (AC) déng bo véi téc do 30
vong/gidy véi dong dién tdn s6 60Hz hodc 25 vong/gidy véi dong tan s6
50Hz. Trong mét vong quay 360" sur quét duge thuc hién trong pham vi géc
mé& 727, Thi gian quay mot vong la 1/30s, suy ra thoi gian quét tuong tng
la 72/(360x30)s = 6,67ms. Tuy theo d6 day vi chiét suat cha khéi thach
anh ta ¢6 thé tinh duge thyi gian lam tré quang trinh va xac lap duoc ty [é
thoi gian 1am tré/thdi gian quét. Mot cich hay hon dé 1dy chudn dao dong
ky la ding mot mdu chuén lam bing mét 1dm silic néng chdy ¢6 thai gian
lam tré quang trinh da biét xen vao dudng di clia mot chim tia. Su dich
chuyén ciia xung trén dao dong k¥ vé mot bén cho phép ta ki€m tra ty 1¢
trén truc thoi gian. Trong Autocorrelator Model 409 — 08 ¢6 sidn 3 tam silic
néng chdy chudn véi do day 13,15mm; 5,0mm vi 1.0mm tuong tng vdi
thoi gian lam tré 1a 20ps; 1,5ps va 300fs. Thoi gian 1am tré quang trinh nay
duge tinh tir cong thite At = (n — 1)d/c v6i d 1a do day tam chudn, ¢ 11 van -
td¢ anh sdng, n 14 chiél sudt cha tam.
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