TOM TAT BAI GIANG MON HOC
QUANG PIEN TU VA QUANG PIEN

(Optoelectronic and Photoelectronic Devices)

CHUONG 1 CO SO QUANG PIEN TU

§ 1.1. MOT SO KHAI NIEM CO BAN
1)Tia (Ray):
+ Puong truyén cta 1 tia birc xa (beam of radiation) dién tir (invisible,
ultraviolet, visible, infrared)
+ Thuong duoc biéu dién boi mot miii tén hay dudng thang, chi thi dudng khong
gian ma burc xa s€ di qua.
+ Chum birc xa phan ky (expanding beam) dugc mé ta bdi nhiéu tia (ray).

2) chiét suét va phan xa:

* Chi€t xuat cua moi trudong: n = ¢/v  véi ¢: van toc anh sang trong chan

khong; v: van tdc truyén song trong méi truong dang xét.

J4 4 . n . 7. A A 9 A by 4 . 7.
* Goc khuc xa: sing =—sin0, v6i n: chi€t xuét ciia moi truong chira tia to1;
n

n’: chiét xuat ciia moi trudng khic xa.
* Vo1 liquid or glass: n=1.3 - 1.8
Glass: n = 1.47 — 1.7; thuy tinh tinh khiét (grown glass) n = 1.51; (thay tinh
quang hoc n =1.53)
* Tinh thé va ban dén: n > 1.8

* Pa phdn xa ndi: (multiple internal reflection): gilr hai mat song song cua

mot moi truong, cd6 mdt s6 ddc trung sau:

+ Khoang cach tach cac tia phan xa 14n mot va 1an2 (2 lan lién tiép) d phu thudc

goc t6i va chiéu day ctia méi truong, vi du : thuy tinh quang hoc (n=1,5) day 1 cm

c6 d~0,73cm khi goc t6i 9 ~40° vadi khi 6.
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+ Cudng dd tia phan xa va tia truyén qua:

i_(nv_l)z
I, (n'+1)*’

- Ty s6 cudng do tia phan xa lan 1 tia téi: r = khi 9<40° voi thay

tinh.

- Gia thiét hau hét ning luong phan xa tip trung & cac chim tia phan xa I,; va I,
thi ning lugng chum tia phan xa cho b&i 7~ 2r — 2r% + 7

v6i 7 : ti s6 phan xa hiéu dung tong (net effective reflected ratio)

- Khi d6 sb truyén qua: T = I )/Io- 1- r

Vidu: Chon=1, n"=1.52, ¢ =0 ,tim r, T, va tinh 156i gan dtng.

3) Guong va b phan xa lui (retro_reflector)

* Guong:

- La linh kién quang phan xa hau hét birc xa téi.

- C6 1 mat dugc mai bong va dugc phu mot 16p vat liéu phan xa ¢ vung budc
song quan tdm. Vi anh sang kha kién, thuong dung bé mat phi bac hodc nhom; voi
ving hong ngoai thudng dung mit pht vang. Cac loai gwong dic biét c6 phu dién
moi .

- Cac hé guong quang hoc tuong goi 1a cac guong mit thr nhat, 16p phan xa &
trén mat huéng vé phia ngudn.

- Cac guong 6t0, phong tdm 13 gwong mit tht hai: mit phan xa ¢ phia khéac cia
tia to1, khi d6 c6 hai sy phan xa tir mat glass va tir mat phu sau.

* B0 phan xa lui (retro-reflector)

- La linh kién quang ludn phan xa tia birc xa vé chinh duong t6i ciia nd

- Thuong duoc sir dung trong cac hé do khong tiép xtc (non-contact), khi b thu
va ngudn phat cach xa vat thé can theo rdi.

- Co dang kim tu thap, nhung chi ¢6 3 mat, mdt day hinh tron, con goi 1a comer
cubes.

- Tia t61 di vao mat day va bi da phan xa ndi tir 3 mat tam giéc, ro1 ra khdéi mat

day theo duong song song vdi tia toi.
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- Cac mat tam gidc co thé duoc phu vat liéu phan xa hoac dung hi¢n tugng phan

xa ndi toan phan (goc t6i han =42° v6i chiét suét 1,5).

§1.2. CAC DUNG CU GIAO THOA VA NHIEU XA

1) Céc dang phan cuc séng: phan loai tuy theo kiéu dao dong ctia vector cudng

do dién truong; co cac dang sau (dua vao vét dau nat cua E )

- Phan cyc thang: dao dong (trong mit phang y) theo phuong c¢d dinh so véi truc
y, z, song lan truyén theo truc x.

- Phan cuc tron

- Phéan cuc elip

- Phan cuc ngau nhién (tir cac vat néng sang): 1a hon hop cac dang phan cuc

* Céc hién tuong quang hoc phu thudc vao tuong tac dién truong véi cac cdu
phan quang hoc, do d6 tir truong thudng khong can quan tam.

* Tan s —mau sic; bién d6 dién truong — do sang

* Tan s6 song khong bi thay doi, nhung bién do va dang phan cuc c6 thé bi anh
huong bai cac hiéu Gmg truyén qua va phan xa

* Budc song 1a thong sb rat quan trong:

A=v/f
2)Tén séc: (chromatic dispersing)

-Lang kinh tan sic cho phép quan sat sy thay doi ctia goc khuc xa theo tan sé.

Céc khai niém can nam: Qui luat tan sac, sai sac doc, sai sac dung.

3)Nhiéu xa qua khe hep: Khi chiéu anh sang don sic qua khe hep s& tao ra anh

v6i dang khe co cuong do phan bd vé 2 phia ctia 2 mép khe trung tam.
* Cac ddc trung quan trong la:
-Vi tri cua cac anh (cuc tiéu—vén)

-Khodang céch cua cac cuc tiéu
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+Vi trf cuc tiéu:
Dsino. = mA, véi m nguyén, D la d0 rdng khe hep
+Néu khoang cach tir khe toi vi tri y trén man quan sat xdp xi khoang cach tir khe
tGi man quan sat H~ R — sina ~ y/R , sai s6 <2% véi o < 20°
Khi do
y *mAR/D
=>Khodang céach van:
Ay = AR/D
=>P0J rdng van trung tam:

W =2y|n-1=2AR/D
b0 rong cuong do %cﬁa van trung tam:

W1/2 =0.89 lR/D

* Vi nhiéu xa qua 16 hep: Cong thire tim céc cuc tiéu twong tu nhu khe hep

nhung chi s6 nguyén m dugc thay bdi cac chi sé m khong nguyén. Vi tri van tdi:
r =mAR/D, tinh tr tim, v&i D 1a dudng kinh 15 hep, R 1a khoang cach dén man
thu.

Puong kinh van t6i d = 2r

* Céch tir nhidu xa: Két hop hién tugng giao thoa va nhidu xa qua nhiéu khe hep.

+V6i truong hop 2 khe do rong D, cach nhau doan = a
— Cuec tiéu giao thoa cho boi:

asinf = (m + 2)4, hay

ay/R = (m + 2)A

—Khoang cach 2 van t6i lién tiép:

Ay = AR/a
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§ 1.3. CAC LOP PHU VA CAC DUNG CU

1) Céc 16p phi: 13 cac 16p vat liéu phu trén bé mat cta cac cau phan quang hoc,

nhim ting cuong hodc c¢b dinh cac dic trung truyén qua va phan xa.

- Hiéu qua cua 16p phu thay d6i theo budc song, goc t6i va dang phan cuc cia
song dén.

- Cac dic trung quan trong ctia 16p phi 1a chiéu day va d6 dong nhat.

- Piac diém co hoc: rat dé bi pha huy, do d6 thuong duoc 1am sach nhd théi khi
khé ap suat thap hoic dong nudce khir ion, con hodc thude tay nhe.

* Lop phu ting truyén qua (hay chdng phan xa): giam phan xa & bién giita khong

khi va thuy tinh — cai thién d0 nét cia anh (nho han ché anh 40 do da phan xa).

Thudng dung MgF, cho ving kha kién (c6 chiét suat khoang 1,38 ¢ 550 nm) vé6i do
dély% A, dé cho tré pha gitta song phan xa lan thir nhat (bién khong khi /16p phu ) va

song phan xa 1an 2 (bién 16p phu / thuy tinh ) = ~. Khi d6 bién d6 song phan xa s&
triét tiéu va co thé coi bién do song truyén qua dat 100%. Ap dung cho thau kinh,
lang kinh va bo phan cuc.
Heé sb phan xa luc nay la:
(g, —n2)* A g y
= W , V01 ng: chiét suat khong khi; ng: chi€t suat thay tinh; n.: chiét
sut 16p phu.
Vi du: cho n,=1.5, n,(MgF,) = 1.38, = r = 1.4% v6i budc song 400-700 nm
* C6 thé dung nhiéu 16p pha chéng phan xa dé giam r dén <0,3%.
* Multilayer coating co thé duoc thiét ké dé lam viéc trong dai rat rong cua budc
song hoac dé dat duoc hé s truyén qua tdi da & mot budc song xac dinh.
* Hé sb phan xa tang theo goc tdi. Cac goc téi co thé chap nhan cho 16p phu
chng phan xa 1a < 30°.

* Cac 16p phu tang phan xa (dung cho guong phan xa ) :

- C6 thé phu trén mit trude hodc mit trong clia guong.

- C6 thé 13 kim loai hodc dién moi (Transparent oxides)
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- Thuong dung 16p phi dién méi c6 chiéu day % dé phu 16n 16p phu kim loai
(chéng oxi hod va tang d6 bén)
- Chiéu day % nhim dat tré pha 2 7 cua 2 1an phan xa.

- Thuong dung nhom, bac, vang (nhdm+dién moi cho vung cuc tim; bac c6 hé )
phan xa > 95% va vang > 98% trong ving kha kién va hong ngoai

3) Cac bd loc quang hoc

a) Transmission bandpass interference filters:

- B0 loc giao thoa thong dai, cAu tao tir to hop nhiéu 16p dién moi.

- Cau truc dién hinh gém déy luan phién cac 16p low index va high index co
chiéu day M/4 dong vai tro céc reflect stacks xen k& cac 16p rong day M2 va cac 1op
coupling.

* Lop phan cach (Lop trong) % + céc 1op i/l c6 tac dung sao cho cac tia phan
xa ndi trong 16p tréng ra khoi 10p s& ddng pha véi song dén tai bude song mong
mudn.

* Po rong bang 50% dién hinh 14 10-15 nm quanh tan sé trung tAm.

* Nhuoc diém: ton hao cao, h¢ s suy hao tai tan s6 mong muon khoang 70%

trong mién kha kién, va con cao hon & ving cuc tim.

b) Edge filter: thay ddi rat nhanh tir truyén qua dén phan xa tai mot budc song
xac dinh.

- Tuy thude vao cAu trac, c6 thé truyén qua mot dai kha rong trén hodc dudi bude

song bién xac dinh.

¢)Bo loc hap thu: Piéu khién hé sb truyén qua nho hap thy bic xa & cac budc
song khong mong mudn. C6 thé dung kinh mau hodc cac bd loc hap thu nhiét (can

cht ¥ van dé qua nhiét)
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d) Neutral density filter: 12 b suy giam tia sir dung mit phan xa dé diéu khién hé

sO truyén qua, thuong dung ¢ vung kha kién va c¢6 hé s6 suy hao gan nhu khong doi

cho ca vang. Hé s6 suy hao: D=10g10l
T

§ 1.4. CAC BO PHAN CUC

1) Phwong phap

- Qua trinh phéan xa c6 thé 1am thay d6i dang phén cuc séng.

- Céc tia phan xa chinh 1a cdac tia tai buc xa do dao dong ctia cac hat tai dién tai bé
mat phan xa. Cac hat tai nay bi kich thich béi dién truong tia téi.

- Kim loai c6 rat nhiéu dién tir tu do trén bé mat, chiing ¢ thé chuyén dong theo
moi hudng song song voi bé mit, do d6 ¢6 thé tai bire xa tu do theo moi huong
trong vung kha kién .

- V6i thuy tinh mot s6 hudng dién trudng gy dao dong hat tai tai bé mat, do d6
tai burc xa tia phan xa, con mot sd hudng khéc sé khong gy dao dong va chi truyén
qua.

-Hau hét dién truong duoc dinh hudng theo cac goc vira gy phan xa vira tao
truyén qua.

* Mit phan cuc ciia séng phan cuc thang: tao béi truc y va tia phan xa (truc y
vuong gdc madt phan xa). Xét trudong hop mat phan cuc chira truc x:

a) Néu vector dién truong E vudng gdc véi mit phan cuc = // truc z (goi 1a phan
cuc s) =2 toan bd vector E dén bé mit cung mot luc = gay dao dong cuc dai trén bé
mat = phan xa manh.

b) Néu vector E // mat phan cuc (goi 14 phan cuc p) = E dén bé mit timg phan
> gay dao dong t6i thiéu > phan xa yéu, truyén qua manh.

¢) Néu E tao goc 0 < 0 < 90° voi mat phan cuc:

E=E, +E,

* Goc Brewster:( David Brewster)
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-V i bat ky mit phan cach gitta hai moi trudng co chiét suat ny n;, ton tai mot
gdc t6i ma tai d6 hé sd phan xa ciia thanh phan phan cuc p bang khong. Tai goc téi,
tia phan xa va tia khtic xa vudng gbéc vo1 nhau, goi 1a goéc Brewster, B. Tai goc B tia
phan xa bi phan cuc s hoan toan . Néu tia t6i phan cuc ngau nhién va goc téi béng
goc B, tia phan xa s& phan cuc s va tia truyén qua c6 ca thanh phan phan cuc s va p.

B =tg"' (ni/ny), v6i thiy tinh quang hoc B = 57°.

2/ Bo phan cuc

* Brewster Window: 1a dang don gian nhat trong cac bd phan cuc, 1a tim mong

cO 2 mat song song dat & goc B so voi tia td1. Khoang 14% vector phan cuc s bi
phan xa trén bé mit va gan nhu toan bd vector phan cuc p sé truyén qua.

* Ludi ddy song song: dit rit gin nhau so voi budc song (bude song phai 16n )

- Vector dién truong E song song day s& bi “khoa” (blocked).

- Vector dién trudng E vudng goc day sé “cho qua” (passed).

- Thuong dung tdm Polyvinyl, khi d6 cac chudi cao phan tir song song dong vai
tro ludi day.

* BO phan cuc tinh thé (hay ludng chiét): ding cac tinh thé c6 van tdc truyén

song phan cuc s va phan cuc p khac nhau — chiét suét s& khac nhau véi hai dang
phan cuc — gbc khiic xa khac nhau, tao ra 2 tia :

O-Ray: Khuc xa manh (tia thuong)

E-Ray : khic xa yéu (tia di thudng)

-Quang truc cta tinh thé = phuong tia toi ma tia O va tia E c6 cing chiét suat —

khong tach.
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§1.5 BUC XA VA BUC XA KE

1/ Céc ngudn birc xa

-Ngudn don sic: Lasers, LE Ds
-Ngudn pho lién tuc: Pén nong sang
-Nguén phé vach: dén hd quang

* Incoherent or noise sources: Pén nong sang; LEDS; Pén ho quang.

—khong c6 quan hé pha c6 dinh gitra cac song buc xa

* Coherent sources: Laser khi hoac laser ban dan.

* Pén hd quang: HO quang hinh thanh giita cac dién cyuc trong khi hiém khi ap

dit dién thé ban dau 16n. Khi dong ion dugc thiét 1ap trong hd quang, dién ap giam
manh va hd quang duoc duy tri. Phé phat xa phu thudc loai khi.

-Khi dong h6 quang di qua khi, cac dién tir trong cac ion khi s& thay doi mirc
nang lugng va phat xa photon c6 budc song cho boi:

A =hc/AE = 1.24 x 10’ (eV.nm)/ AE,

voi AE 1a chénh 1éch nang lugng gitra cac muc dugc phép, phu thudc vao céac
nguyén td = budc séng birc xa boi mdi nguyén t6 1a ¢b dinh.

*Pén huynh quang: 13 trudng hop riéng ctia dén hd quang, khi ng dén duoc phi

bot huynh quang (chii yéu 1a phosphor). Bot huynh quang sé téi birc xa trong ving
kha kién khi bi chiéu xa boi ning luong tai cic budc song ngoai ving kha kién.
Trong dén huynh quang, hd quang duoc tao ra trong hoi thuy ngan. Hoi thuy ngan
phat xa photon & vung kha kién va cuc tim. Cac tia cuc tim s& tao ra huynh quang.

-V6i cung 1 dién ning cung cap, dén huynh quang phat xa ning luong cao hon
den néng sang

*Cac vung burc xa:

Extreme UV (ultraviolet) 10 — 200 (nm)
Far UV 200 - 300
Near UV 300 - 380
Visible 380 - 770
Near IR (infrared) 770 1500
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Middle IR 1500 — 6000
Far IR 6000 — 40000
Far- Far IR 40000 — 1000 000

2) Cac khai niém co ban:

- Radiant energy (nang luong buc xa): Q. Joule (J)

- Radiant Flux (dong buc xa) O, = (dQ./dt)|qua dien da Watt (W

- Flux density (mat d§ dong quang t&i / dvdt) con goi 1a irradiance (d0 roi nang
luong): H.=d ®./dA (W/m?)

- Radiant Emittance (d6 trung nang luong) 1a méat do dong kich thich trén bé mit
cua nguén dugc kiém tra: M. =d ®./dA (W/mz)

- Radiant Intensity (cuong do buc xa): I.=d ®/do (W/sr),

voi do = dA/R® Steradian (sr)

Chu y truong hop ngudn diém dang hudng:
I = ®/4n = H.R’.
- Radiance (cong suét birc xa trén don vi goc dic va trén don vi dién tich)
L,=d ®/dodAcosd  (W/sr.m?)

- Spectral Radiant Power (cong suét biic xa trén don vi budc song):

D), = dQ./dA (W/nm)
- Spectral Emittance (pho kich thich, d6 roi phd)
W, =dM./ dr (W/mz.nm)
- Spectral Radiant Intensity: I, =dl/ dr (W/sr.nm)
- Spectral Radiance: L, =dL./ dA (W/sr.m”.nm)

3) Nong sang va vat den (Incandescent and Blackbodies)

- C4c chét rin va chat long blrc xa anh sang kha kién khi nhiét 36 > 500°c

- Bé mit hap thy toan bd ning lugng birc xa dén mot cach 1y tuong goi 1a vat den

-Vat blrc xa nong sang c6 dac trung tuong tu nhu vat den

-Ban chat buic xa tir vat den dugc nghién ciru boi Max Planck: Ning lugng bic
xa tr vat den phan bd trong khoang tan sb rong, theo dang todn hoc xac dinh va thay

ddi theo nhiét docua vat den
10
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- P trung niang luong tong cong M., = dién tich gidi han boi dudng phan bd

nang luong theo budc song :

v6i W, = C A% 1), trong 6 C, = 3.74 x 10"°W.m?,
C,=1.4385x 10°m.K

-D6 roi nang lugng tong cong:
AM, = [W,dh=cT*, véic=5.672x 10" (W/m’K*)
0

- Tinh dugc bude song g véi do roi phé) cuc dai
- Tinh dugc do roi nang luong cua ngudn c6 dién tich A

* Nong sang cua vat thé thuc

- Vat thé thuc khong buc xa nhiéu cong suét nhu vat den & cung mot nhi¢t do
- Ty s6 gitra d6 trung nang thyc trén do trung ning cua vat den 1y tuong goi 1a do
phat xa (emissivity, e) = Ty s cong suat hap thu cta vat v6i cong suit hdp thu cua
vat den 1y tuong: a.
M.=eo T4, e=a
Cong suat hap thu tir cong suit dén:
®. =aHA
Vidu : Xét dén noéng sang c6 vat bue xa ¢ nhi¢t d§ T, dat trong vé dugce hat chan
khong, nhiét d6 1am viéc 6n dinh ctia vo 1a T,
Goi P 13 cong sudt cung cip cho vt birc xa = cong suat birc xa toan phan
é . cOng suat phat boi vat burc xa
P, :Cong suét hép thu bdi vat buc xa, do phan xa nang lugng tir vo den
- Khi nhiét d6 hoat dong can bé“mg dat duoc, thi cong suét thoat khoi vo dén phai
bang cong suat cung cap, tir d6 tinh duogc:
P=Aeo (T'-T"), voiolahingsévatly=5.672x 10" WK*/cm®.
* Luu y: Trong thuc té véi mot vat li€u, & mot nhiét do cho trudc, hé sb phat xa,

e, thay ddi theo budc song.
11
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- V6i 1 vat liéu cho trude va & mot bude song ¢ dinh thi e 14 ham s cta nhiét
do.
- Nhiét dp mau (Color temperature) ctia 1 ngudn sang 1a nhiét do tuyét d6i ma tai

do mot vat den khi hoat dong s€ c6 mot can bang mau gidong nhu ngudn sang

Bai tap vi du: cho bong dén c6 dién tich day toc: 0,1cm’; e = 0,35, nhiét do day

toc 1a 2700°K, nhiét d6 vo dén 1a 100°C(373°K). Tim cong suit can cung cap.
PS:10,5W

12
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CHUONG 2
PHEP TRAC QUANG, PEN NONG SANG VA DPEN KHi

§ 2.1 HE TRAC QUANG

1) Giéi thi¢u :

- Céc hé do anh sang duya trén co so mo phong dap (mg ctia mat ngudi véi anh
sang.

- Tréic quang 1a phép do cac dai lwong lién quan véi anh sang trong ving 400-
700 nm.

- Phép tric quang va quang ké sir dung cac dai lugng va don vi khac véi birc xa
ké.

- Céc hé tric quang dya trén co s cac bd thu co dap ung véi nang luong bire xa
theo kiéu nhu dap Gmg clia mit ngudi.

- Dung mdt sb rat 1on dit liéu thong ké dé tao ra dwong cong chuin mo ta dap
g phd ctia mat, goi 1a dudng quan sat chuan (hay dudng do trung cho quan sat
chuan) (Standard observer curve hay Luminosity curve for the Standard observer)
hay con goi 14 dudng cong CIE (viét tit tén tiéng Phap “Commision International de
I’Eclairage” ctua Hoi dong “International Commision on Illumination”).

* Mot s6 luu ¥ trén do thi duong cong chuan (do trung twong ddi / budc song):

- Budc séng 555nm 1a sang nhat

- Mot nguén c6 thé birc xa mot nang luong birc xa nhu nhau & 555nm va 610nm,
s€ c¢o do sang 0,5 khi hoat dong & 610nm so vdi1 do sang 1 khi hoat dong & 555 nm

* Dong cong suat quang dugc do theo Lumen va ky hiéu Fy. Lumen c¢6 nghia
tuong tu nhu don vi cua cong suat Watt nhung dung trong ving bude song kha kién

* Quan h¢é gitra dong cong suat birc xa va dong cong suat quang :

Fy =@, x 683(Im/W)xn

Vi : Fy : Dong quang (lumen)

¢, : Dong buc xa (Watt)

683 Im/W : Hang s vat ly
13
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n : Do trung twong dbi ¢ budce song dang xét

BANG PO TRUNG TUONG POI 7 (7= 1 Tai buéc song 555 nm)

Budc song Do trung Budc song Do trung
(nm) twong ddi (nm) twong ddi
410 0,001 570 0,952
420 0,004 585 0,870
430 0.012 595 0,757
443 0,023 600 0,631
450 0,038 610 0,503
460 0,060 621 0,381
470 0,091 630 0,265
480 0,193 640 0,175
490 0,208 650 0,107
500 0,323 660 0,061
510 0,503 670 0,032
520 0,710 680 0,017
530 0,862 690 0,008
540 0,954 700 0,004
550 0,995 710 0,002
560 0,995 720 0,001

* Cac dac trung co ban:

- Nang luong quang trung (Luminous Energy): Q,  lumen.second (Im.s)

- Dong quang trung: F, = dQ,/dt

lumen (Im)

- Mat d6 dong quang trung chiéu xa : E, = dF,/dA Im/m?

- Kich thich quang trung: M, = dF,/dA

Im/m?

- Cudng d6 quang trung (d6 sang): I, = dF,/do =E,.R* Im/sr

- b6 quang trung: L, = dF,/ dodAcos0

CuuDuongThanCong.com

Im/sr.m’
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* Thuong khong dé chuyén d6i mat d6 dong buc xa (W/m?) thanh mat do dong
quang trung (Im/m?). Viéc nay chi d& dang khi nguén 1a don sic va budc song da
biét.

Dé thu dudc két qua nhanh hon, ngudi ta dung dau thu quang

- Mat d6 dong quang trung c6 thé biéu dién theo don vi footcandle (fc)

1 footcandle = 1 Im/ft’.

Bang chuyén doi

To: From:

fc lux phot
fc (In/ft%) 1 10.7639 1.08x10~
lux (Im/m?) 0.0929 1 1x10™
phot (Im/cm?) 929 1x10™ 1

2) Luminance (d6 trung, do sang — Brightness) va Radiance (cong suit birc xa
trén don vi goc dac va trén don vi dién tich)

- Luminance 1a thuat ngit dung dé mé ta birc xa kha kién tir mot bé mit co kich
thude dang ké so v6i khoang cach quan sat va so voi dau thu (phép do twong tmg goi
1a phép do trudong gan)

bJ trung ctia mot ngué)n c6 cuong do I tai vi tri cua dau thu:

L, =1 g/accosO

I 9): Cuong do burc xa, 1a ham s6 theo 0 (goc giira tia téi va phap tuyén cua dién
tich bi chiéu xa)

a, : Dién tich cua nguén burc xa.

e (Céac don vi do do6 trung:

Im/m’sr = cd/m* = nit

Stilb = cd/cm®

Lambert = (1/m)stilb

15
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millilambert = apostilb
Footlamberrt = (1/m)cd/ft’

Béang cac hé so6 chuyén doi

stilb nit lambert footlamberrt
stilb 1 0,0001 l/n 0,00034
nit 10000 1 10000/7 3,426
lambert T /10000 1 0,00012
footlamberrt 2919 0,2919 0,9294 1
§2.2 PEN NONG SANG

1) Dén nong sang :

- BPugc dung dé can chinh, chiéu xa va chiéu anh va dung lam dén nhady. Thuong

dung day Tungsten, Tungsten — Halogen va Carbon.

- Phan bo cta day toéc rat giong voi cua vat den ¢ cung nhiét o mau

- Dién ttrg suat (va dién tro) ctia day toc thay ddi rat nhanh theo nhiét do

- Vit liéu 1am bong dén anh huong dén anh sang cuc tim. Bong thach anh cho

qua gan nhu toan b tia cuc tim, trong khi thuy tinh s& lam suy yéu cac budc song <

320 nm

- Cong suét dién cung cdp cho dén : P ~ AT* v6i A 1a dién tich bé mat birc xa, T

la nhiét

do mau

* Data sheet vi du : Model UV —40Lamp

Specification

Lamp

Wavelength range

Operating Current

CuuDuongThanCong.com

Deuterium (40 Watts)

200 to 400 nm

500mA
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Irradiance @ 250nm (30cm) 0,2 © W/em” nm (typ.)
Uncertainty +3to 10%

Long term Stability 50 hours for less than + 2% change

Vi du: Cho cac théng s6 phd cua duong cong do trung phd: A, Wy

Tim d6 trung nang luong xap xi gilta 250 va 340 nm

Giai: Tinh phan dién tich giéi han dudng W), va truc budc song A

e Thong s6 MSCP (Mean Spherical Candlepower - cuong do sang): Gia tri
trung binh ctia cudong do trung do theo moi hudng

MSCP =F,/4n

F,: Dong quang trung do theo Lumen

* Panh gia dac trung hoat dong cua dén khi biét gia tri danh dinh va gié tri thyuc

7
A

te

Vi du : Cho bang dit li¢u cua den: V, Io, MSCP, Life (hours), Tim cac dac trung

moi tai dién &p lam viée 84V = Vy
2) Dén nhay: (thuong dung trong g dung chup anh)
- (o day toc nong chay khi nhay
- Thoéng sb Light output: thoi gian dé do sang dat cuc dai
- Céc thong s cua dic tuyén ra tiéu biéu:
+ Ty : Time to peak
+ T : Pulsse Width
+ D : Duration of pulse

+ Luminous Energy (lumen second) = D(s) x (Luminousoutyout),cak

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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§2.3 PEN KHI

1) Gi6i thiéu:

* Hiéu itrng quang dién: Phat xa dién tir tir vat ran (thuong 13 kim loai hodc
Oxide) khi vat li¢u bi chiéu sang boi buc xa (1887- Heinrich Hertz) c6 3 déc trung
co ban :

1) So dién tir bi phat xa, xac dinh dong dién, ty 1€ véi cuong do buc xa tai mot
budc song ¢ dinh.

2) Mdi vat lidu c6 mot bude song ngudng cua burc xa. Néu bre xa t6i co bude
song > budc song ngudng thi s€ khong co dién tir bi phat xa.

3) Van téc tbi da cua cac dién tir phat xa khong phu thudc vao cuong do birc xa
ma ty 1€ nghich vdi budce song buc xa.

- Céc dic trung 2 va 3 dan t6i khai niém photon (hay lugng tir 4nh sang)

+ Nang luong photon :

E = hf = he/A véi h : hiang s6 Planck, f: Tan s6 Hz

+ Dong nang cua dién tir bi kich thich:

(1/2)mv* = hf - W

V&i W : Nang lugng can thiét dé dién tir thoat khoi bé mat goi 1a cong thoét dién
tu.

* Hép thu chon loc: Khi chum anh sang trang di qua moi trudng chira khi ap suét
thap thi chim anh sang thu duoc trén phd ké thé hién mot sd budc song bi suy giam
dang ké.

- Twong tu, néu khi ap suét thap phat xa thi cho phd vach c6 vi tri cac vach tuong
tur vi tri bi suy giam ¢ hién twong hap thu. Mdi loai khi ¢ phd vach khac nhau.

- Khi 4p suét khi ting 1én thi birc xa va hap thu xay ra trong dai rong hon céac
budc song va gi tri clia cac bude song thay doi nhe.

* Mo hinh Bohr

- O 4p sudt thip, cac nguyén tir khi biéu hién gan nhu cac nguyén tir co lap

- Trong d6 cac dién tir chuyén dong trén cac quy dao duoc phép xac dinh tuong

ung véi cac mic nang lugng roi rac va cac nang luong ion hoéa roi rac E;
18
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- V61 nguyén tir Hydro:

E; = Ey/N?,

v6i Ep: nang lugng ion hoa, 1a muc ning lwong cung cip dé dién tir chuyén tir mot
quy dao nao d6 ra khong gian ty do, Eq: Hang s6 nang lugng, N : S6 nguyén goi 1a
s6 quy dao — Khi hap thu ning luong chua du mac E; thi dién tir s& chuyén 1én mirc
nang luong cao hon voi diéu kién:

AE = E,=E, = Eo/N?, - EO/NZb, Trong d6 A E: Su thay doi nang luong gitra murc
avab

E, : Nang lugng ion hoa cia muc a

E, : Nang luong ion hda cua muc b

N, : S6 qui dao ciia mirc a

Nb : Sb quy dao ctua muc b

- Néu niang luong nhan duoc chi du dé chuyén dién tir 1én mot mire cao hon mirc
kich thich thi dué6i diéu kién khong c6 nang lugng nao dugc nhan thém, nd s€
chuyén vé trang thai nén sau mot thoi gian xac dinh va giai phong ning luong. Viée
chuyén tir trang thai kich thich vé trang thai nén c6 thé truc tiép hodc qua cac mirc
trung gian

Vi du: tir trang thai 4 dén 1 c6 thé c6 6 chuyén mirc kha di twong Gmg voi cac
nang lugng gidi phong AE = Ey(135/144), Eq(128/144), Eo(108/144), E¢(27/144),
E¢(20/144), Eo(7/144).

- Khi 4p suét khi ting hodc khi khi chta cac phan tir c6 thé sir dung mé hinh
Bohk nhung cic mirc nang luong don 1é roi rac duoc phép can duogc thay bang cac
dai (band) ning luong duoc phép. Do d6, phd hap thu va phat xa s& xudt hién cac
vung pho thay cho phd vach roi rac.

2) Hoat dong cua deén khi :

* Céc thanh phan chinh : Vo dén, anode (+), cathode (-), gas

* Qua trinh lam viéc :

1- Mot dién ap cao duogc dit vao 2 dau

2- Gia tbc cac ion va cac e dén dong niang 16n

19
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3- Qua trinh va cham tao ra thém nhiéu ion va hinh thanh sy phong dién phat xa

4- Dong phong dién dat dén mot gia tri xac dinh va sut a4p qua dén giam dén mot
gia tri danh dinh

- Thoi gian 6n dinh ~ 30 phut.

- C6 thé c6 loai dén ma khi ap sut thap duoc bay hoi tir chat 16ng hodc rin.

- Thoi gian 1én (turn-on time) cua loai nay thuong lau hon. Cac loai dén nay co
thé st dung mdt loai khi thir hai dé tao ra sy phong dién va dot nong chit long hoac
chét ran.

* C06 4 qua trinh (giai doan) cia sy phong dién gitta cac dién cuc trong khi ap
sudt thap:

- Leakage Stage: Dan dién do dién tir ty do va ion khi c6 mit lac dau trong khi do
su hap thu ning lugng buc xa tir ngoai dén. Do dan gan nhu khong d6i trong khoang
dién ap E, — E,, dong rat bé, phong dién tu phat.

- Mtrc dién 4p E,, 1a mtrc ion hoa, tao ra hi¢u ing thac 1t — dong tang dang ké
trong khoang dién ap tir E, — E.. O dién ap E, su thay doi dién ap ¢ ving cathode
rat 1on va gia tbc manh cac ion duong vé phia cathode lam phat xa dién tir tir
cathode. Khi qua trinh nay chiém wu thé, dén duoc coi 12 lam viéc & danh thung va
E. goi 14 thé moi

- Glow discharge (phéng dién phét sang) 13 giai doan dan dién ¢ thé danh thing,
dong tang vot, thé gan nhu khong doi, day 1a giai doan 1am viéc khong on dinh va
can duy tri dong dién. Birc xa gan nhu dong déu trén chiéu dai cua dén.

- Giai doan hd quang: Mat do6 dong cao va nhiét dg cao, deén lam viéc & ché do

nong sang va co dac trung dién tré am.

20
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CHUONG III. LASER

§ 3.1. LASER KHIi

-Laser viét tit cua “light amplification by stimulated emission”, nghia 1a KB anh
sang nho phat xa kich thich.

-Phén tir trung tAm ctia laser khi 1a mot 6ng khi (gan giong v6i dén khi) 1a noi ma
su phat xa kich thich va khuyéch dai anh séang xay ra.

- Ong khi ap suat thap duoc kich thich dé phat xa nhd cao ap dc hodc ngudn thé
RF. C6 mot s6 dang dién hinh:

a) dc current flow, dién hinh nhu dén Low-power helium-neon laser c6 thé tao ho
quang 7000V va thé hoat dong 1800V; dong hoat dong SmA; birc xa cong suat 3mW
v6i cong sudt vao OW.

b) RF capacitive coupled current flow, cdc nguyén tu bi kick thich boi dién hodc
tir trudng bién tién nhanh & tan s6 RF (20 30 kHz). Pién ap RF nho hon nhiéu so
v6i dién ap de, nhung dong lai cao hon nhiéu.

¢) RF inductive coupling

- Cac phan tir quang trong khéc 13 cic guong phan xa dit ¢ hai dau cua ng khi
kich thich. Mot trong hai guong duoc thiét ké cho phép mot phan anh sang phat xa
dugc truyén qua va coi nhu 1 dau ra cia laser. Céc tia phan xa gdy ra qué trinh
khuéch dai btrc xa da duoc kich thich do cac nguyén tir hap thu photon Av.

- Laser khi c6 thé chira hai hodc nhiéu loai khi, dién truong ap dit sé kich thich
mot trong cac loai khi ndy. Va cham cua khi kich thich véi khi khac dan dén trang
thai kich thich va phat xa. Chang han laser helium-neon:

+ Qua trinh phong dién 1am cho cac dién tir cia nguyén tir helium chuyén 1én
muirc ning luong cao hon goi 1a trang thai nira bén.

+ Qua qua trinh va cham, cac nguyén tir helium kich thich tiép tuc lam cho céc
nguyén tur neon bi kich thich.

+ Khi qua trinh dan dién duoc xac lap, da sb cac nhuyén tir khi sé ¢ dang ntra
bén: diéu kién nay duogc goi la ddo 1on mat do “population inversion”(vi véi khi

khéng bi kich thich, da sd nguyén tir & trang thai nén).
21
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+ Céc dién tir ctia cac nguyén tir neon bj kich thich c6 thé tao ra cac chuyén mirc
khéac nhau va burc xa nang lugng véi cac budc song khac nhau.

+ Blrc xa tir cdc nguyén tir neon & 1 budc song xac dinh s€ dugce tang cuong nho
phan xa tlr cdc guong va nho do birc xa & budce song nay sé& chiém uu thé.

+ Hoat dong lién tuc cua laser sé dat dugc khi cac guong phan xa ¢ hai dau éng
tao thanh 1 hdc cong hudng, cé tac dung gitr hau hét photon dé tao ra qua trinh da

phan xa trong 0ng, qua do tang xac suat va cham cua photon v4i nguyén tir neon.

22
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§3.2 CAC NGUYEN LY LASER TONG QUAT

Hién tuong laser xdy ra do sy twong tac ciia hai hé thong:

- Hé nguyén tir c6 chuyén muc niang luong cua dién tir lam phat sinh photon.
- Hoc cong hudng tao bai cac guong dau cudi .

a) Twong tac giira birc xa véi hé nguyén tir

- 1 photon s& phat sinh khi 1dién tir chuyén tir 1 muc ning luong cao xudng 1
murc ning luong thap hon:
hf=E,- E,
- Trong thuc té& ¢6 sy mé rong vach phd do 2 qua trinh sau:

+ Homogeneous broadening: dactrung cho tat ca cac nguyén tir trong hé, 1a

ham cuia thoi gian séng hitu han ciia trang thai birc xa 7, néu qua trinh nay 1a duy
nhat khi laser lam viéc, thi phan bd vach birc xa dugc cho béi :
A(0) = K/[( 0~ o)’ + (1/7)]
A(m): bién do6 buc xa tai tan s6 o
K: hé s6 ty 18
o =2n(E, — E)/h

+ Inhomogeneous broadening: vach phd bi mé rong do cac hiéu Gng nguyén

tr riéng biét. Trong tinh thé cac nguyén tir khac nhau c6 thé ¢ cac chuyén mirc ning
lwong khac nhau it do cac nguyén tir 1an can. Cac nguyén tir trong khi chuyén dong
theo cac huéng khac nhau véi cac van téc khac nhau, do d6 gay ra cac dich chuyén
Doppler khac nhau 1én tan sé:
f= 1y + viy/c,
voi  fo=(E,—E))/h
v thanh phan vén toc theo phuwong ngudi quan sat
Do rong ban phd gay bai hiéu ing Doppler la:
Af = 2f(KT/M)"?,
véi K = const. = 165,8 x 1077 (amu/K), T: nhi¢t d0 ctua hdc, M: khbi

luong nguyén tir tinh theo amu.
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* Qua trinh nay chiém wu thé véi laser khi; laser Helium-neon c6 do rong ban
phd~1.1x 10° Hzdén 1.4 x 10’ Hz

* Phé cua laser thue c6 thé bi anh huong do ton hao phan xa boi guong va tan
xa khong khi

b) Hoc cong hwéng tao béi cac gwong dau cudi

-Diéu kién cong hudng: hanh trinh qua hdc 2L = s6 nguyén lan budc song

2L =MA

— C6 rat nhiéu tan s6 laser dugc phép, cach nhau cic khoang
Af=c/2L,

goi 1a cac mode héc cong hudng (cavity modes)

— Nguoi thiét ké laser phai t6i uu hod thiét ké cho tan s6 mong mudn nho viée
diéu khién hdn hop khi, cac dic trung kich thich va phan xa ctia hdc va co thé ding
bo loc, hoac tang khoang céach gifta cac guong (tang L).

- Trong thyc té chi ¢6 nhimng chuyén mirc ning lugng vai thoi gian song
tuong ddi 16n méi ¢ thé tao ra cac vach phé 6 thé sir dung duoc.

-Nang lugng laesr kha dung nhan dugc khi d0 loi cta hoc duge diéu chinh dé
chon 1 trong cac vach laser kha di. Vi laser khi, do sy mé rong doppler, chiéu dai
ctia hdc s& xac dinh sb cong huong hdc chia trong 1 vach phé. Do 1gi dau ra caa
laser luc nay sé€ 1a tich cua do 1gi vach phé mo rong voi cavity modes. Phat xa déng
tho1 nay duoc goi 1a longitudinal modes.

-Ngoai ra, héc laser c6 thé tao ra mot sé modes khong gian hay TEM modes.
Trong thuc t&, mode mong muén 13 TEMy, 1a tia don v&i phan b6 nang lugng theo
phan bd Gauss.

c¢) Kich thudc vét laser

-Birc xa laser c¢6 thé ¢ dang lién tuc (continuous wave laser) hoic dang xung
(pulsed laser).
- Birc xa laser c6 thé duoc hoi tu thanh vét nho dé tang mat do dong quang.

- Kich thudce vét laser c6 thé duoc hoi tu 1a ham cua duong kinh chum laser:
24
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D = (16/3)(AF/mDy)
Vo1 F: tiéu cu cua thau kinh
Dy: d6 rong chum laser tinh tu diém co cuong do 13.5% cuong do cuc dai.
- Cong suat chum laser c6 thé bi giam béi 1 miéng tron c6 dudng kinh nho
hon dudng kinh chum laser .Ty s6 dong truyén qua / dong toi 1a:
®./D; = 1 — exp(-2D*/w?),
voi D: dudng kinh miéng tron

w: duong kinh chum tia t61, dugce xac dinh nhu D,.

§3.3 LASER BAN DAN
1/_Giéi thi¢u
* Cac cAu phan co ban:
- Photon source: tai hop dién tir 15 tréng phat sinh photon.
- Feedback: Cac photon dugc dua nguoc lai vao mién tai hop nho phan xa dé
tao ra phat xa kich thich
- Energy source: dong tiém hat tai, cung cip cong suat
* Chuyén mirc nang lugng xay ra gitra ving dan va ving hoa tri

* Ban dan ving cAm thing (direct bandgap): cuc dai ving hoa tri va cuc tiéu
vung din & cung 1 gié tri xung lugng — dién tir chuyén tir cuc tiéu ving dan vé cuc
dai viung ho4 tri ma khong thay d6i xung luong — trao d6i ning luong giita cac dién
tir va cac photon feedback xay ra d& hon vi khong can trao d6i xung luong. Céc vt
liéu: GaAs, InAs.

* Ban dan ving cAm xién: cuc dai va cuc tiéu cac ving khong cing gia trj xung
luong— dé xay ra hap thu hay phat xa photon thi su chénh léch xung luong giita
trang thai dau va cubi phai dugc trao ddi véi dao dong mang tinh thé > su trao doi
nang luong gitra dién tir va Photon phai qua qua trinh 2 budc — khong thich hop cho
co ché laser feedback (twong tur véi tinh huéng mot mach cé do loi vong qua thap,

khong du dé duy tri dao dong). Cac vat liéu: Si, Ge,GaP ¢ ving cidm xién.
25
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* Trang thai dao 16n mat do: da sd cac murc ning luong duge phép gan day ving

dan bi chiém boi e- va da sd cac trang thai duoc phép gan dinh ving hod tri bi trong
e- hay bi chiém béi 13 trong.

- Cac dién tir chuyén murc tir viing dan vé viing ho4 tri c6 thé do tai hop tu
phat hodc do phat xa kich thich

- Cong suit ngoai cung cip c6 tac dung thay thé cac dién tir trong ving dan

- O ché @6 dong thap: qua trinh tai hop tu phat chiém wu thé twong tu LED

- Khi dong tang, sb dién tir dugc tiém vao mién tai hop cua chuyén tiép PN
ting—> ting sd photon phat xa

-Co thé phan xa feed back hau hét s6 photon nay vao chuyén tiép. Khi do
dong tiém dién tir chi yéu dung thay thé cac dién tir thay doi trang thai do phat xa
kich thich. Chuyén tiép bat dau phét xa 1 khoang budc song rat hep birc xa laser.

-Dong ngudng: bat dau qua trinh laser,

+ phu thudc vt liéu ché tao diode laser
+ phu thugc muc pha tap
+ dang hinh hoc cta chuyén tiép
+ nhiét d6 linh kién (rét quan trong )
* Homojunction: mién p va n cung loai vat li€u, hoat dong ¢ dong thuan rét 16m
—>chi lam viéc khi dugc 1am lanh véi nito 16ng.
* Diode laser thuc: c6 1 hoac 2 heterostructure (nhiéu loai vat liéu) se"lp xép theo
kiéu pn luan phién ddi loai vat liéu.

+ Uu diém c6 thé fine-tune cac d6 rong ving cam =>diéu chinh céc dic trung
pho ctia laser. Vi cac 16p vat liéu khac nhau rat mong va gan nhau vé cac dic trung
vat 1y nén cac dic trung dién cia chung s& trong tac va thiét 1ap cac dai ving cAm
xé4c dinh cho ciu trac toan bo.

2) Dac truwong co ban

- Céc laser diode hoat dong & ché do dong tiém thuong ché tao tir GaAs va
GaAlAs, hoat dong ¢ budc song dai 1180-1580 nm

- Diode laser don thudng c6 ché d6 tunr-on trong khoang 1,5 - 2,5 V
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- O ché @6 xung, thé phan cuc thudn short-term trong khoang 5 - 25V

- Mot 86 Iuu y trong db thi su phu thudc ctia cong suét btrc xa va thé phan cuc
thuan vao dong thuan cua diode laser GaAlAs:

+ Nhiét d6 dugc gitr khong do6i

+ Cong suat birc xa tang nhe trong khoang 0 = 18 mA

+ Trong khoang nay linh kién hoat dong tuong tu LED.

+ Trén 1,8 mA cong suat buc xa tang vot, diode hoat dong nhu 1 laser

+ Trong khoang 20 > 30 mA cong suit birc xa ting gan nhu tuyén tinh
theo dong véi do dbc duoc goi 1a hi¢u suét vi phan.

+ Dong ngudng nhay voi nhiét 4o

I, = Toexp[(T — To)/K], K 14 hang s6 cua linh kién.

- Laser diodes thuong 1am viéc & ché do xung. Dé thoi gian chuyén mach
nhanh va bién d6 buc xa 16n, cac diode thuong dugc phan cuc béi 1dong >dong
ngudng. Tin hiéu dong xung 13 lwong gia ting ctia dong can thiét dé dat duoc mirc
cong suit birc xa xac dinh

+ Yéu cau khi hoat dong:

- nhiét d6 cta linh kién phai dugc diéu khién

- hodc dong phén cuc phai thay doi duoc, dap tmg voi mdi dong ngudng cho
moi nhiét d6 1lam viée.

+ Tuy nhién, néu dong phan cuc ting = linh kién néng hon > can dong phan
cuc 16n hon dé dat céng suat mong mudn, do d6 trang thai lam viéc 6n dinh cubi
cung thudng & nhiét d6 rat cao.

+ D0 sach phd va gid tri cta budce song wu thé phu thude dong qua diode va nhiét
d6 1am viéc. Khi dong thay d6i, c6 2 hién tuong xay ra:

1-Tai gia tri dong thap, gan dong ngudng, phd birc xa bao gdm céac vach phd
phan bd trong mdt ving budc séng do longitudinal mode va cau tric ving cia ban

dan.
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2- Khi dong tang sd vach phd giam va tdm cta phan bd bi dich vé phia budc
song dai hon do dac trung feedback (tap trung) va nhiét do tang (doi bude song).
Budc song trung tam co thé bi dich tir 0,1>20 nm, tuy loai diode.

* Van dé nhiéu:

+ Modal noise: phat sinh do longitudinal mode
+ Reflection noise: do buc xa bi phan xa ngugc vao kénh laser tir cdc mat bén

* Pho laser: Puoc quan sat trong thoi gian rat dai so véi toc do thay doi xay ra
trong diode. C6 2 cach giai thich phd laser:

(1)Laser 1a bd phat xa da mode: btrc xa ddng thoi tat ca cac thanh phan phd, hién
thi v&i bién d6 twong ddi xac dinh.

(2) Laser 1a linh ki€én don mode: birc xa chi mdt budc song tai mot thoi diém cho
trudc bat ky. Cac thanh phan pho quan sat thé hién sy tong hop cua tat ca cac budce
song riéng r& ma diode burc xa trong qua trinh quan sat. Bién do cta cac thanh phan
phd thé hién tan suit xay ra ctia no trong thoi gian quan sat.

-Su thay d6i budc song trong truong hop (2) goi 1a mode hop (nhay mode). Nhay
mode c6 thé gay ra su thay ddi bién do ¢ dau ra cua quan hé do su suy hao va van
tdc truyén song khac nhau véi cac budce song khac nhau. Nhay mode 1a hién tuong
ngau nhién va gy ra sy thay doi ngau nhién cta bién do birc xa va tao ra nhidu bién
do.

-Trong trudng hop da mode (1) cac thanh phan phd ludn ton tai, nhung cong suét
an dinh cho chung c6 thé thay ddi theo thoi diém. May phan tich phd chi ra bién do
trung binh theo thoi gian ciia cac thanh phan phd. Pau ra cta quang hé ciing thay doi
theo thoi gian

* Cac véu t0 anh hudng dén tudi tho cua Laser

1/ Lap dat va thir nghiém

2/ Cac xung dién tir phat sinh bén ngoai trong thoi gian ngan
3/ Mtic dong

4/ Nhiét do

5/ Mtrc burc xa cuc dai
28
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6/ Su gia hoa linh kién

Cac yéu t6 (1) va (2) do kich thuée linh kién rat nhé = d& bi pha huy boi xung
ap hodc xung dong, hodc qua trinh phéng tinh dién ngin xay ra khi 1ap dit, thu
nghiém va tir moi truong - chu y van dé nbi dat cho nguoi, phuong tién va thiét bi.
Céac mach dién lién quan can dugc bao vé va loc tu.

- Thoi gian séng cua laser ¢6 thé giam 4 1an khi mat 6 dong lam viéc ting 2 lan

- Murc birc xa cao thuong lam suy gidm cac dac trung phan xa cua cac mat phan
xa cua laser do hién tuong an mon.

- Khi diode duoc ché tao, co cac khuyét tat rat nho trong vat li¢u cua kénh
laser,cuia cac 16p ban dan, cac mit phan xa va cac tiép xuc dién. Cac khuyét tat nay
s& 16n dan theo thoi gian st dung.

* Laser data sheets: vi du loai LTO15SMD/MF

3) Diéu khién Laser

- Cong suét birc xa, budc song, dong hoat dong va thoi gian sir dung cua Laser
déu thay doi theo nhiét do, do do can co cac vong diéu khién dién va diéu khién
nhiét.

+ Vong diéu khién dién:

—>chéng cac xung dong va thé pha huy

> diéu ché dong laser

>diéu chinh dong ngudng

+ Vong diéu khién nhiét:

tiép xtc nhiét véi vo laser

—>thuong chira linh kién bom nhiét ban dan goi 1a thermoelectric cooler
hoac Peltier device c6 tdc dung thu nhi¢t (bom nhiét tir laser ra vo ngoai cua dau
laser).

- Bom nhiét dién: dung dién tu chuyén nhiét luong tr mat hép thu nhiét ra mat

truyén nhiét théng qua diy cac ban din BiTe (Bismuth Telluride) loai N va P ghép
luan phién véi kim loai tiép xuc vo1 cac mat truyén nhiét va mat hép thu nhiét.

Ngudn dién ngoai, E, tao ra dong dién tir theo chiéu tr N > P vasau do tt P > N.
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Khi céac e- chuyén dong tir P >N, chung phai chuyén tir mot trang thai ning luong
thap t6i 1 trang thai nang lugng cao hon, do d6 cac e- s& can hap thu nang lugng tir
phia “cold” surface va nha nhiét lvgng cho phia “hot” surface dé chuyén mirc khi tir

N->P.

00o
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CHUONG IV PHOTODETECTORS

§ 4.1 VACUUM PHOTODETECTORS

- Dung hiéu tng quang dién tao ra dong va ap ty 18 voi mat dé dong cong suat
song toi.

- B§ nhay cao, dap img nhanh .

- Chu yéu dung trong phong thi nghiém.

1) Nguyén ly

- Cathode céu tao tir bé mit kim loai cong ¢ phu 16p oxide.

- Anode: 6ng mong dat tai ti€u diém cua cathode.

- Phat xa dién tir tir bé mit cathode doi hoi nang lugng photon dén phai du dé kéo
dién tir ra khoi cac luc lién két ctia e- voi nguyén tir va voi bé mit cathode (do cac
dién tich duong tao ra boi cac dién tir roi khoi bé mit).

Exmax =hf - W

W: cong thoat dién tir

h: hang s planck

f: tan sb photon

2) Cac dac trung co ban

- Stopping voltage: thé ap dat dé lam triét tiéu By max > d0 dan =0

- Tén s6 ngudng: khi séng dén co6 tan s6 nho hon tan s6 ngudng s€ khong phat xa

dién tir tir cathode, 13 tan s tmg voi E= 0.

* Pac trung thuan:

- Ton tai dién 4p “knee voltage” ma trén d6 dong s& bao hoa, photodiode hoat
dong trong mién nay.
-Dong bao hoa ty 1€ thuan vdi mat dé dong quang té1 H.
-Thé stop giéng nhau véi cac mat d6 dong quang téi khac nhau (chi 1a ham
clia tan sd photon)
* Pic tuyén ra: co tai ding dé tinh gan dung dong qua 6ng Iy, thé roi trén éng Vi
khi biét tai R va mat do dong quang (Im)

* C4c tinh chit co ban clia vacuum photodetector:
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1/ Dong photodiode ting tuyén tinh theo mat do dong quang néu tré tai nho.

2/ Truong hop ly tudng, 4o nhay dong S;= % = const. va khong phu thudc

tai
3/ Cac mach thuc té 1éch khoi 1y twong khi dong 16m va bé .
4/ Thé anode giam khi mat d6 dong quang ting.

5/ D6 nhay dién ap S, = ﬁF—V £y 16 vOi trd tai .

6/ V&i tro tai Ry nho, d6 nhay dién ap gan khong d6i va dong, thé thay d6i gan

tuyén tinh theo mat d6 dong quang.
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§ 4.2 THERMAL DETECTORS
1) Gi6i thiéu: 13 16p linh kién hoat dong nhd chuyén doi nang lugng bure xa téi
thanh nhi¢t nang va sau do6 thanh céac dai lugng dién c6 thé do dugc.
- Dung cac bé mic phu c6 dic trung gan véi vat den 1y tuong.
- Ung dung lam dau thu buc xa trong phong thi nghiém va trong céc thiét bi can
chinh.
- C6 4 loai chinh: (1) Bolometer (xa nhiét ké)
(2) Thermistors (tecmisto)
(3) Thermopiles (pin nhiét di€n, cdt nhiét dién)
(4) Pyroelectric detector (dau thu hoa dién)

- (1) va (2) thay d6i dién tré khi chiéu xa.
> (3) 6 thé dau cubi ty 1& véi cuong do chiéu xa, nhung co tan sb cutoff thap
khong thich hop theo rdi su thay ddi nhanh cia buc xa.
> (4) c6 thé dau cubi thay doi theo su thay doi ctia birc xa.
> (2) va (3) c6 cdu trac vitng chic thich hop cho cac tmg dung cong nghiép
2) Cac diic trung chung: d6 nhay, dap tng phd, hang s6 thoi gian, cong suat

nhiéu twong duong (NEP: noise equivalent power), kha ning thu, kha ning thu
chuan héa D*, goc thu.
a) Do nhay: ty s6 diu ra dién cua detector/dau vao quang, thuong cho dudi dang
amperes/watt hodc volts/watt ciia cong suit dén.
R = dr/d®,
v6i dr 13 sb gia ctia dong hodc thé ¢ dau thu, dd. 13 s6 gia ciia mat d6 dong toi &
dau thu.

b) Dap irng pho (dic trung nhay phd): quan h¢ gitra d§ nhay buc xa va budc

song cua birc xa td1 duodi cung dieu kién chiu xa (tia té1 chuan truc).
- Céc bo thu nhiét c6 dap img pho bang phang, rong, gidi han bdi dic trung
truyén qua ctia ctra s6 dung & vo dau thu. Cac dau thu ban dan va dén chan khong c6

dap ung phé) phu thuoc vat liéu ché tao dau thu.
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¢) Hing s6 thoi gian: mo ta dép ing bude cua dau thu cia dau thu voi budce thay

d6i ciia muc chiéu xa (dung chum tia ngit doan nho tim chian quay hodc nho diéu
bién cong suat ngudn). Pau thu s& biéu hién nhu mach loc thong thip va cho 16i ra
khac nhau véi tde d6 diéu bién hoic tde do ngét khéac nhau. Co thé dic trung hoa boi
thoi gian [én.

- Néu qua trinh quéa d6 c6 dang Aexp(-t/T ) thi T 13 hang sd thoi gian v6i dau ra
ctia 1 hé thong bac 1 bi kich thich boi xung, hang s6 thoi gian T 1 thoi gian can dé
dat 63,2 % toan bd suon 1€n hoac suong xuéng .

- Hang s thoi gan doi khi con goi 1a thoi gian 1/e hodc (1- 1/e)

- Trén gian d6 Bode cua bd loc thong cap bac 1, tan s6 -3dB, f,, lién quan véi
hang sb thoi gian:

£ 1
2T

- Thoi gian I1én cua xung: t. (khoang thoi gian tr 10% =290% dinh xung) véi b
loc thong thap RC: t,=2,2RC=22T

d) Cong suét nhiéu twong dwong (NEP): 13 cong suit birc xa tao ra ty sb

S/N =1 & dau ra cua detector (6 mot tan sb cho trude, va vai mot do rong bang
nhidu cho trudc), don vi 1a watts per (hertz)"”.

- Mot s6 nha cung cép dinh nghia NEP la cong suét birc xa tao ra ty s6 tin hiéu /
nhiéu dong toi =1

+ Vi hang s thoi gian anh hudng 1én bién do dau ra cua linh kién, do d6 tan sb
diéu ché va dang song phai duoc xac dinh trudc.

+Bién do tin hiéu thu, cong suét nhiéu, dong nhiéu va dién ap nhiéu phu thudc
vao dg rong bang tan sb dién cua hé do, duoc goi 1a o rong biang nhiéu hiéu dung.
Chi c6 cac gia tri NEP do hodc chinh véi cting d rong bang méi c6 thé dugc so
sanh truc truc tiép .

+NEP md ta mirc tin hiéu hitu ich nho nhat ma linh kién c6 thé phéan biét duoc.
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¢) Detectivity: 1a nghich ddo cua NEP
+ Poi khi nguoi ta ding d6 thu chuan hoa:
D* = [A(Af)]"*/NEP
v6i NEP/[A(Af)]"? 1a NEP chuén héa theo don vi dién tich va don vi do
rong bang.
A: dién tich mién nhay quang cua detector, Af: effective noise bandwidth

f) The field of view (truong quan sat): 1a dién tich trong khong khong gian ma tir

dé detector nhan cong suét bre xa.

- Géc quan sat (the angle of view): 1a goc do tir bé mit cta detector xac dinh
bién ctia mot thé tich trong khong gian ma tir d6 nang lugng cé thé dén dugc
detector.

- Chi ¢6 ngudn birc xa trong ving quan sat (the field of view) méi 12 ngudn can
kiém tra. Cac ngudn nén la cac ngudn khac véi ngudn kiém tra (test source) ma cong
sudt co dén dau thu .

3) Tinh todn nhiéu:

+ Trioc tién can xac dinh d6 rong bing ctia nhiéu, thudng ~ do rong biang dién
cua hé théng, bao gém dau thu, cac bo khuyéch dai va thiét bi do c6 mit trén duong
do tin hiéu .

- Néu d6 rong bang dién tong c6 dudng cong dap ung véi do doc > -18
(dB/octave) & trén tan sb cat trén thi d6 rong bang nhidu ~do rong bang dién .

- Néu d6 déc 1a -6 hay -12 (dB/octave) thi d rong bang nhidu = d6 rong biang
dién f, x hé sd chinh d6 rong bing

Af=K, . fy,

Ky = 1.571(n/2) v6i d6 dbc -6 (dB/octave) hay -20 dB/decade.

=1.222 v6i 6 dbc -12 (dB/octave).

* v&i cdc pin nhiét dién, NEP duoc dinh nghia theo IEEE

NEP =Py,

voi Py la cong suat song téi ma dién &p tin hi¢u Vg = dién &p nhiéu Vy.
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C6 thé viét:
NEP = (Vn/Vs).P;
Tong d6 P; 13 cong suét song toi :
P;=H.A
*Trong cac data sheet thudong ding NEP chuan hoa:
NEP = (Vy/Vs)[H.A/(Af) "]
*Trong data sheet
D* = (V\/Vs)[(AF/A)A(1/H)]

§4.3 PN JUNCTION DETECTORS
1) Giéi thiéu:
- Photo diode 1a cac detector tao ra dong dién phu thude vao birc xa.
- C6 4 dang co ban: Planar PN junction, Schottky barrier photodiode, PIN
photodiode, va Avalanche photodiode (APD)
- C6 2 mode hoat dong:
+Mode quang dan: = phan cuc ngugc + tai ndi tiép
- ngan mach, n6i véi OP-AMP
+Mode quang thé: = nbi tai, khong co thé phan cuc

2) Cac dic trung co ban

+ DPugc cau tao voi mdt phia cia cau truc ban dan dugc mé cho birc xa di qua 1
cura s6 hoac mdt 16p phu bao vé.

+ CAu tric planar diffused photodiode: rat mong, dién tich bé mic rong, déN day

hon 16p bé mat P (nhan buic xa t6i), dugc ché tao theo phuong phap khuéch tan khi
vao ban dan.

+ Schottky barrier photodiode: ding 16p mang vang méng phii 1én dé ban dan
loai N. Bién phan cach giita Au/N-Semiconductor hinh thanh 1 rao thé. Dap tng phd

phang hon PN photodiode trong ving IF, visible, va nhay hon trong ving UV.
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-Tuy nhién schottky barrier photodiode nhay v&i nhiét Ao hon PN photodiode do
doé khong thudng xuyén hoat dong dang tin cdy ¢ mirc bic xa cao.

+ PIN photodiode: Lép I (intrinsic) c¢6 tac dung lam rong mién nghéo = giam
dién dung mién nghéo = giam thoi gian dap ing cia photodiode.

+ Kich thudc linh kién va vé phu thudc ing dung = ¢& 1 vai mm cho ung dung
cap quang, > mdt vai inch cho tmg dung pin mit troi >c¢d 1 cm?® cho cac thiét bi do.

+ Hoat dong & ché do phan cuc nguoc, ndi truc tiép voi tai va ngudn phéan cuc.
Céc photon c6 ning luong thich hop, dén dugc ving nghéo sé& bi hip thu va 1am
phat sinh céc cdp dién tir 16 tréng > ting dong nguoc dang ké

+ Pién truong ndi cia mién nghéo s& tach cac e- va h'vé 2 phia N va P

+ C6 4 trudong hop kha di:

(1) Néu photodiode hé mach: thé hé mach phu thudc dang ham mii vao mat do
dong quang toi.

(2) Néu mot dién tré khép kin mach ngoai ctia photodiode: s& phat sinh dong va
sut ap trén trd.

(3) Néu photodiode ngén mach: dong ngian mach ty 1& v6i mat d6 dong quang t6i.

(4) Néu photodiode duoc phan cuc nguge: dong nguoc ty 18 voi mat do dong
quang t&i.

+ Céc solar diode 1a photodiode hoat dong ¢ mode quang thé.

+ Cac dau thu trong k¥ thuat thong tin va thiét bi do hoat dong & mode quang
dan.

+ Dong ro toi: dong ngugc phét sinh do cac ciip e-, h' tao ra boi kich thich nhiét,

nho hon dong phét sinh boi photon rat nhiéu.

+ O mot budce song ¢ dinh hodc nhiét dd mau xac dinh, dong quang phét sinh
ctia photodiode ty 16 truc tiép voi mat do dong quang téi va dién tich tich cuc cua
photodiode.

+ Hiéu suit lwong tir: ty sd gitta s6 dién tir phat xa trén sd photon bi hap thuy, ky

hiéu 1. Hiéu sudt luong tir cia diode thuc < 1 va thay d6i theo budc song, ¢ thé

duoc tinh nhu sau:
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n=1I/1,
voi I, 1a dong photodiode trung binh, 1, 1a dong cua dau thu Iy tuong con = 1.

Dong cong suat song dén P qua dién tich tich cuc A:

P= H()A
Ning luong photon dén:
E,=hc /A

Dong photon phét sinh cua diode 1y tudng:
1, = (P/E,).e, e = dién tich dién tur

+ Pap ung cua photodiode 1y tuéng:

R=i,/P= eA/hc=A(8.06x 10" A/W.nm)
vol A la bude song tinh theo nm.

+ Dap ung cua photodiode thuc:

R=mn(er/hc)

* Cac yéu t6 anh hwéng 1én hiéu suat lwong tir

(1) Phdn xa: cac ban dan dung ché tao photodiode c6 chiét suat khoang 3,5 hé
s6 phan xa ~30% tai bé mit ban dan.

(2) Su suy gidm hé sé hdp thy & buéc séng dai: hé sé hap thu & bude soéng ngan
gip ~10* 14n so véi cac bude song gan gidi han ving cdm. Hé sb hap thu biéu thi
kha ning 1 photon c6 thé bj hap thu khi di qua mdt don vi khoang cach trong vat
ligu.

(3) Sw hdp thu séng ngdn: do cac photon ngan bi hap thu sém & 16p trén cua
photodiode trude khi cé thé t6i dugce ving nghéo, do d6 khong dong gop vao dong
thu. C6 thé khac phu nho viée giam do day 16p trén

(4) Gidi han ving cam: cac photon phai c6 du niang luong dé gay chuyén mirc e-
qua ving cam.

* Diode thac lii (APD Avalanche Photodiode): duoc thiét ké dé nang cao hiéu

suét luong tir, cho phép tao ra dong co tdc dd 1on hon tée do dong photon t&i. APD

duoc phan cuc nguoc voi dién ap 16n d€ gia tdc cac e- phat sinh do photon dén van
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tdc 16n va va cham véi cu trac nguyén tir trong mién nghéo tao ra cac cip e- 16
trong moi, két qua 1a dong tong co thé ting hang tram 1an so v&i diode PN don gian.
bJ loi dong = Dong APD / Dong do photon khin =1

- P9 lgi dong ciia cac APD ché tao tir silicon rat nhay véi su thay doi dién ap roi
trén diode va véi nhiét do - cac mach ting dung rat phtrc tap, doi hoi 6n dinh dién
ap va bu nhig¢t.

- Do loi dong ctia APD phan anh s6 trung binh céc e- duoc tao ra trén 1 photon
dén. Sb e- dugc phat sinh bai 1 photon bat ky thay d6i mot cach ngiu nhién, tao ra
mot tin hiéu nhidu chdng 1én gi tri trung binh. Nhiéu nay khac véi nhidu nhiét vi né
lién quan dén hién tugng hap thu va nhan. Do loi ¢6 thé rat nhé ¢ mirc cong suat
thap.

3)Dac trung dwong tai

* Hoat ddng mode quang thé tu thién 4p

- Sut ap trén tai va dong quan hé theo dinh luat Ohm, trong khi quan hé gitra sut
ap trén photodiode va dong tuan theo dac trung diode.
- Piém 1am viéc = giao diém dudng tai va dudng cong (I-V) cua diode

* Cac dudng cong quang thé (photovoltaic curves):

- Nam & goc 1/4 thir tu cua dic tuyén L(Vy).
- Thé ho mach qua photodiode trén truc V:
Vo = K;In(K;Hy)
K;: héng $6 phu thudc nhiét d
K>: hing s6 phu thudc budc séng va ciu trac cia photodiode
Hy: mat do dong quang téi

* Ché dd hoat dong nge"m mach:

-dong thay d6i tuyén tinh theo mat d6 dong quang téi
- V, ty 1€ voi dong qua tré feedback = ty I¢ voi mat do dong quang
- ¢6 thé offset do dong ro (rt nho).

* Ché d6 phéan cuc nguoc: (mode quang dan)

- bién dung diode giam - giam thoi gian dap Gng
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- Thé thién 4p Vj tiéu biéu ~ 10V

- Quan h¢ dong ap:
Vo=Vg-Vp
hay IpRL = VB - VD

- Dé tranh pha huy diode khi I,=0, thé phan cuc ngugc phdi < thé danh thing

-Khi Vg=0 2 I, = Liggn mach = Imax= Z—B goi la dong bao hoa Igar

L
*Pudng taii Qua cac diém (Vg, 0) va (0,Ve/Ry) trén ho dic tuyén nguoc I4(Vy).
Y nghia: khi mat d6 dong quang dén, vi du, = H, >dong I, qua diode
-Pé ting khoang dong thi can ting Vg hodc giam R, .
- Tich ctia 4p va dong di qua diode can ludn nhé hon kha ning tiéu tan cong suét
cua diode .
>Puodng tai nam trong dwong cong sudt cuc dai cho phép.

- Cong sut tiéu tan cuc dai cho phép xay ra khi mat d6 dong quang tao ra dong
dién =% dong bio hoa, khi d6 deé Vi

4) M6 hinh tin hiéu nhé cho photodiode:

* Ngudn dong I,: dong trung binh gay bo1 song to1.
I, =RP

R: d4p uing ctia photodiode (Ampere/Watt)

P: cong suét song tGi tong cong.

* Pién dung Shunt C: dién dung chuyén tiép phan cuc nguoc
C = KA/[p(Vo— Vp)]"?

K: hé s6 ty 1€ = 19000, khi don vi cua cac dai lugng khac nhu sau:
A: dién tich tich cuc (cmz),

p: di¢én tro suét (Q.cm), nhan gia tri tir 10-10000,

V: thé khuéch tan ctia mién nghé¢o = 0.6V véi Si,

Vp: thé phan cuc nguoc, nhan gia tri am.
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* Tré Shunt: duge chi v khi tinh toan nhiéu, con goi 1 tro kénh (channel
resistance) nam trong khoang 100k Q = vai MQ, giam khi nhiét ¢ hodc dién tich
linh kién tang, ting khi thé phan cuc ting. Pugc dinh nghia = do ddc cua dudng
cong IV tai thé zero hay = ty sb ctia thé phan cuc nguoc qua diode / dong toi.

* Dong nhiéu I, tinh cho tat ca cac hiéu tng nhiéu.

+ Nhiéu lwong tir (quantum noise): gdy boi qua trinh dp thu photon, quan

trong khi muc cong suit song t6i thip. Cac photon dén c6 thé duoc hap thy hoic
khong = tai mot thoi diém, dong thu ¢ thé > hodc < dong trung binh. Qua trinh nay
1 ngau nhién va tao ra dong nhidu luong tir = cong suét tin hiéu tao bai dong trung
binh duoc cho boi:
P = (HoA)w = (he/A)(Af/m)
vOi P..: cong suat song toi khi (S/N) =1,
Af: 6 rong biang nhiéu

+ Shot noise (nhiéu ban): xem dong 1 tong cuia rat nhiéu xung dong nho gay boi
chuyén dong cuia hat tai trong cac budc roi rac, lam cho dong thay d6i quanh gié tri
trung binh. Sy thay doi nay goi 1a shot noise current.

Is= [2eAf(I4 + 1,)]"?
voi I dong t6i
I,: dong quang trung binh
+ Nhiéu nhiét: c6 thé chiém vu thé khi hoat dong & mode ngén mach
I, = (4kTAf/Rgy)"
vo1 Rgy: dién trd shunt cia photodidode
Tré tai Ry 1am ting nhiéu nhiét:

I, = [4KTAf(1/Rgy + 1/R1)]™?
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* DOng nhiéu tong I;:

I, = (I + 1)

* Cong suét nhidu tuong duong: (NEP)
NEP =I,/R
Vi du: Tinh phan bd nhiéu khi cho biét: Hy, A, A, R, Ry, Af, Rgy, L.

* Tré noi ti€p (R;): bao gdom trg cua vat ligu va céc tiép xuc, dong vai tro quan

trong véi thoi gian 1én va tinh tuyén tinh, nhan gia tri tr 0,1 Q - vai tram Ohm
* Truong hop Ry + Rg << Rgyy va Ry > Ry, (gia thiét I, >> Iy)
- So d6 tuong duong tin hidu nho s& gon hon
- Hang s6 thoi gian cta hé dau thu:
Tre = (Rg + R)(C + C))
v61 C,, 1a cac dién dung song song khac
* Pap g ctia detector bat dau phi truyén khi dong ~1/3 dong bio hoa
- Dong tuyén tinh t6i da:
Tnax = Lt/3 = (1/3)V/(Rs + Ry)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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CHUONG V
MOT SO LINH KIEN QUANG PIEN TU THONG DUNG

§5.1 RADIATING DIODES AND DISPLAY DEVICES

1) Radiating junction devices

- Khi ¢6 dong thuan qua LED hodc IRED, cac photon dugc btrc xa tir diode
junction do tai hop dién tir va 18 trong tai mién chuyén tiép (junction).

- Bué6c song photon 14 ham cua chuyén muc niang luong xay ra trong qué trinh
tai hop.

- Pa s6 linh kién LED va IRED ché tao tir cac vt liéu trén co s gallium.

Bdng LED materials and wavelengths

Material wavelength (nm) Comments
GaP (gallium phosphide) 520—570 Green

GaP (gallium phosphide) 630—790 Red
GaAsP (gallium arsenide phosphide) 640—700 Orange-red
GaAlAs (gallium aluminum arsenide)  650—700 Red

GaAs (gallium arsenide) 920—950) Infrared

- Cac LED hodc IRED tiéu biéu ¢6 16p vt liéu N tuong dbi day dugc phi vang &
mit day. Mit trén cua linh kién 14 16p P rat mong (c& vai pm) cho phép cac photon
btrc xa ra ngoai. Lép N ¢6 thé gdm métl sd 16p cua cac vat liéu chira Ga dugc pha
tap khac nhau dé cho budc séng mong mudn.

- Cac diode trén co sé Ga c6 thé thuén tuong ddi cao so véi Si va Ge. Pic trung

dong thé ctia LED it déc hon nhiéu so véi Si diode.

* Data sheets:

- Céac dac ta cua LED (HLMP-3000):

+ Introductory comments: Red solid state lamps
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+ Absolute maximum ratings (at T, =25°C): power dissipation (100mW); DC
forward current (50 mA, derating linearly from 50°C at 0.2 mA/°C); Peak
forward current (1 Amp, 1usec pulse width, 300pps: 1-A current is applied to the
device for a 1-ps interval once every 3333 ps, hay tan s6 300 Hz).

- Quan hé giita cong suat dinh (peak power) ctia xung duoc phép (khong pha
hay linh kién) va cong suét trung binh:

Pave = PpeakX (pulse width / period)

Téc d6 duoc phép lién quan véi hang s thoi giannhiét, 1a ham cua khoi
lugng, di¢n tich bé mat, birc xa va do dan. Cong thuc trén ap dung khi d6 rong
xung cong suat dién ap dit nho hon nhiéu so voi hang s thoi gian nhiét. Hang s6
thoi gian nhiét thudng khong duoc cho trong data sheet, khi can phai do thuc
nghiém. Pa s6 LED package c6 hang s6 thoi gian nhiét nho hon 1 phut = tan s6
xung thudng can 16n hon 1kHz.

- Can cht y bang céac dic trung dién: luminous intensity, wavelength at peak,
speed of response: 10-90% time interval, diode capacitance (to develop the
circuitry to turn device on and off, forward voltage,reverse breakdown voltage,
thermal resistance ( from the junction (chip) to cathode lead, included angle

between the half luminous intensity points.

§5.2 TINH THE LONG VA PEN PIEN PHAT QUANG

- B6 hién thi tinh thé 10ng 14 linh kién tao ra anh kha kién nhd diéu khién su

truyén sang qua mot qué trinh phan cuc. Cac dén dién phat quang thuong dugc ding

nhu cac ngudn anh sang den cho tng dung hién thi tinh thé l6ng.

- Trong cac méy tinh bé tui, thong tin alphanumeric tir calculator dugc hién thi

nhu cac ky tu den trén nén xam. Module hién thi thuc sy dugc lam tir mét sO cac

phan ttr tinh thé 16ng riéng biét (segment hay dot). Khi ap dt tin hiéu dién thich hop,

cac phan tir ndy c6 thé hién thi mau den hodc xam.
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- Vat liéu tinh thé long 1a vat li¢u hitu co ma & nhiét o phong c6 mau tréng duc
va O trang thai 1ong ¢ nhiét do phong. O nhiét 6 thap trd thanh trang thai tinh thé
ran. VAt liéu tinh thé long dugc kep gitra 2 tam phéng dan dién, mot trong hai 1a
trong sudt.

- Khi 4nh sang phan cuc di qua mot phan tir duoc thién ap v6i dién ap nho hon
gia tri t&i han V., dang phan cuc quay goc 90°. Khi dién ap 16n hon gia tri bao hoa
Vi, anh sang phan cyc sé truyén qua ma khong thay d6i dang phan cuc. Trong
khoang dién ap gilra V. va V,, phan cuc dnh sang se quay mot goc tir 0-90°. C6 2
k¥ thuat cho phép dung hién twong nay dé hién thi: dung ngudn sang khuéch tan &
phia sau phan tir hién thi va ding guong, két hop véi 2 bo phan cyc. Khi dién ap
phan cuc nho hon V., s€ théy mot ddm sang. Khi di¢n &p phan cuc 16n hon Vg, s€
thdy mot dom tdi. Do truyén qua clia anh sang sé& 1a ham cua dién ap thién ap.

-V, va V, déu phu thudc nhiét dg. Vg, co thé nho ¢ 3V va thuong khong vuot
qua 20V. Tan s6 tin hiéu thién 4p co6 thé vai kHz, nhung thuong c& 30, 60 hay
100Hz. Bién d6 dién ap mot chiéu trong thién 4p khong dugce vuot qua vai mV.

-Pé phan tich mach, tinh thé long co thé duoc mo hinh hda nhu mét dién dung
nho // véi mot dién tro 16n. Thanh phan dong dién dung gap ¢& 50 1an thanh phan
dong dién tré. Mach thién ap can duoc thiét ké dé chiu tai dién dung.

- Dién tich cua mdi phﬁn tor xac dinh gia tri tré va dién dung. Gia tri tré giam va
dién dung ting khi dién tich tang. Gia tri dién tro sheet va dién dung sheet tiéu biéu:
3400 pE/in’, 44MQ.in’.

Vi du: tinh dong cung cap cho phan tir hién thi tinh thé 1ong biét dién tich = 0.032
in?, dién ap =5 Vi, tan s6 = 60 Hz.

- Thuong dung 7 segment cho 1 ky tw, va it nhat 4 ky tw > 28 segments.

* Qua trinh phan cwe: Phan cuc cta birc xa gy boi tuong tac cua buc xa véi

cac phan tir. Néu vector phan cuc ctia phan tr va vector cuong dg truong ndm trong
cung mot mat phang thi vector cuong do truong cua birc xa s€ c6 xu hudng dinh
hudng theo céc phan tir. Néu vector phan cuc cua phan tir / voi vector van toc cua

burc xa thi s€ khong co6 tuong tac.
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- Khi thé phan cuc = 0, vector phan cuc ctia cac phan tir se quay tir tir 1 goc 90°
gilia 2 ban cyc > gay ra sy quay cua vector truong cua buc xa.

- Khi V >V, vector phan cuc cua cac phan tir sé dinh hudng theo dién truong ap
dat.

- Khi V > Vg, vector phan cuc ciia cac phan tir s& dinh huéng dong loat theo dién
treong ap dat = khong co tuong tac xay ra.

- Cac dén dién phat quang dugc dung ¢ dang phang, nhiét d6 1am viéc thap, birc

xa khuéch tan. Mot s6 tinh ning quan trong:

+ Kich thudce: chiéu day mot vai ph?ln mudi in, nhiéu dang chit nhat va tron,
tién dung cho viéc hién thi.

+ Nhiét do lam viéc: gén nhiét do moi truong

+ Tinh d6ng nhat ctia do sang: ngudn sang khéch tan dong nhat, gan nhu dén
Lambert 1y tudng.

- Céc linh kién nay chtra 16p phosphor dielectric kep gitra 2 ban di¢n cuc, mot
trong 2 ban 13 polymer trong sudt, ban con lai mo duc va duoc phtt mang kim loai
mong. Lp dién moi phoshor gdm céc hat phosphor rat min, nhung trong vat liéu
lién két trong subt va dugc cach ly voi nhau.

- Khi 4p dat dong xoay chiéu qua linh kién, vat liéu phosphor bi kich thich boi
dién truong va gay birc xa. Vo1 mach ngoai, den dién phat quang tuong duong mot
tai gdbm tu // tré = dong ting theo tan sd. Cac dén thuong mai hoat dong ¢ 115 V ac
60 Hz va 11 V ac 400 Hz va sang gip 3 1an & 400 Hz so v6i ¢ 60 Hz. Buc xa giam
rat nhanh theo dién 4p va gan nhu bang khong ¢ khoang 40-60 V ac.
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§5.3 PHOTOTRANSISTORS VA OPTO-ISOLATORS

1) Phototransistors.

- La transistor c6 dong base gay boi bie xa td1 va do d6 dong C-E cling phu
thudc birc xa téi. Chuyén tiép C-B hoat dong nhu photodiode va chuyén cac photon
thanh céc hat tal, tao ra dong base gay bol photon, I,. Dong nay gay ra dong
collector:

Ic=Hpex 1,

- Doi khi tiép xtic dién dugce 14y ra tir mién base, khi d6 c¢6 thém thanh pgan dong
Ig:

Ic = Hpg (Is + 1)

- Phototransistor c¢6 thé duoc dung nhu mot bd khuéch dai tuyén tinh, nhung
thudng ding nhu mot chuyén mach . Téc d6 chuyén mach thuong 10us hodc hon>
dung lam detector trong cac hé thdng cham.

- C6 mdt s6 cau hinh linh kién:

+ Single phototransistor per package vl simple lens 6 window

+ Photo-Darlington (gdm 1 phototransistor va mdt transistor thong thuong)

+ Photon-coupled isolator, chirta IRED va mot detector nhu phototransistor,
photo-Darlington hoac photodiode.

- So v61 photodiode, phototransistor c6 do lgi dong HFE 16n. Dong C-E 16n hon
so v&i planar diffused photodiode voi cung dién tich tich cuc. Phototransistor va
APD déu str dung qua trinh nhan s6 hat tai phat sinh do photon-> ting dong.

2) bac ta cua Phototransistor.

- Data sheet dién hinh s& cho biét diéu kién 1am viéc tdi da: ap, dong, mirc cong
suét, va nhiét do pha hong linh kién.

- Voltage rating: c6 mot s6 chi sb dic biét, vi du Vsr)ceo V01 BR chi reverse

breakdown voltages

Rating meaning
Vceo bién 4p E-C voi1 cuc base open hodc base-emitter junction
bi che ti.
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Veso bién 4p base-collector voi cuc E open

VERo bién &p base-emittor khi cuc C open, ¢ thién ap nguoc

- Céc dic trung quang trong data sheet gdm dap tng dong ctia phototransistor:
dong collector Iy khi dap img v6i mot mat do dong birc xa dén, va dong tdi. Nguon
dong quang 1a mot dén c6 nhiét do mau gan 2870 K, d6i khi 1a dén don sic hoic
LED hoac IRED.

- Pap ung dong thuong khong tuyén tinh = can duoc dic ta boi dudng cong dap
ung.

- Pap ung pho va dap tmg goc ciing c6 trong data sheet. Dap Gmg phd cta
phototransistor gan twong ty voi photodiode ctia clng loai vt lidu.

2) Optoisolator

- Céc linh kién dugc mounted trong mot case cho phép dé dang két ndi voi mach
in. Thuong c6 2 transistor mounted trong case va ndi voi nhau theo kiéu Darlington
sao cho chuyén tiép base-emitter ctia transistor dau tién (1a phototransistor) nhan birc
xa va emitter ciia né dugc dua vao base cua transistor thir hai = gain dong collectd
16m, tuy nhién, dap ing cham hon khi dung 1 transistor.

- Thay cho mét cap Darlington, mot opto-isolator c6 thé c6 mot phototransistor
hoac mdt photodiode 1am nhiém vu phén tr detector. Nguén thuong 1a GaAs IRED.
Mot xung dién ap ap dat qua IRED gay ra xung photon dé ghép véi detector->
thuong tmg dung trong y sinh va diéu khién cong nghiép

- Bac trung cach i cua linh kién thuong biéu thij theo 3 céach: dién trg, dién dung
va thé danh thing, duoc do giita IRED va detector.

- Tuy theo cach nhin nhan ma linh kién c6 thé duoc coi 1a mach ghép tin hiéu
quang hodc mach céch li dién.

- VAn dé nhiét: opto-isolator c¢6 chira 2 ngudn nhiét: IRED va detector = ngoai
su tu nung nhiét don gian do ton hao cong suét riéng 1é, chiing con 1am néng 1an
nhau. Nhiét ning sé& truyén tir ban dan néng hon sang ban dan ngudi hon. Ngudi
thiét ké can giit ca 2 ban dan dudi nhiét d6 cho phép theo phuong trinh sau:

AT = O(Py; + KP¢)
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%! AT: chénh 1€ch nhi¢t d§ gifra moi trrong va nhiét d§ hoat dong cuc dai
cho phép
0: Tro nhiét gitta junction-to-ambient
Py cong sudt ton hao 10n nhét, ban dan néng nhat
K: hé s6 ghép nhiét
Pc: cong suat ton hao ciia ban din ngudi hon
- Thuong 2 linh kién khong ton hao cong suét giéng nhau = can biét trudc ban
dan nao néng hon.
- Phwong phap danh gia ton hao trung binh cho IRED:
+ Khi dong, ap khong doi: P=14V4
+ Ché d¢ xung: 1dy trung binh P = V¢l khi biét d6 rong xung va tan sb lam

viéc.
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CHUONG VI
CAP QUANG

§ 6.1 TRUYEN SONG TRONG CAP SQI QUANG

- Nang luong dién tir bi “nhdt” trong 15 soi quang nhd co ché phan xa va khiic xa

- Khi ning lugng c6 thé lan truyén theo nhiéu dudng khac nhau trong soi quang
thi so1 quang dugc goi la soi da mode

- Néu chi c6 mot dudng truyén niang luong kha di (doc theo truc giira), sgi quang
goi 1a sg1 don mode.

- Lai soi quang thudng c6 dang 6ng tiét dién tron; chiét suat 18i n,> chiét suat 16p
bao vé n,

- Lan truyén da mode c6 thé dug mé hinh hoa nho hién tuong phan xa ndi toan
phan, khi goc téi cua tia t6i 1am vai phap tuyén ctia mat phan cach 16i/16p bao vé 1
gdc > gdc toi han 0, (cac tia khong phan xa toan phan s& mat dan ning luong va suy
giam nhanh)

sinf. = n,/n;

- Ngudn ning luong dua vao soi quang tir méi truong ngoai ¢6 chiét suit ng

-Géc vao cua mat tia s€ xac dinh gbc to1 cua nd véi mat phan cach 161/ vo cua cap
so1 quang. Goc vao tuong ung voi goc téi han 6, dugc goi 1a goc dugc phép
(acceptance angle)

nesin6, = n;sin(90° — 0.)
hay sinf, = (n12 - n22)1/ 2y
= (n;> — n,>)"* khi méi trudng vao 1a khong khi.
v6i 0, < 20° ¢6 thé tinh gan dung:
0, ~ (n, — n,2)"2

0. =m/2 - 0,/n,

* Goc lan truyén cuc dai 0,:
La goc 16n nht trong soi quang, so véi truc giita, van gdy ra phan xa toan phan
ep = 900 - ec

2 20172
epN(ﬂl -1ny") "/
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* Khau d6 s6 (numerical apecture- NA) = sinf,
Vi cap quang dung trong thong tin quang, 6, nho = NA =0, (rad )

* C6 3 loai so1 quang co ban :

+ Soi chiét suat budc (step-index fiber): thay d6i dot bién chiét suit 15i va vo.
+ Soi chiét suat thay doi tir tir (graded-index fiber)
n(r) = no[1- (n,” — n2)/ng’(t/10)*]"% v6i 0 <r <r,
Chiét suat giam dan tir tAm ra bién phan cach véi vo (n,)
+ Step- index- multimode fiber:
- duong kinh 161 50 21000 pm
-0.2<NA<05
- duong kinh ngoai tir 125 + 1100 um
+ Graded - index - multimode fiber :
- duong kinh 161 50 + 100 um
-02<NA<03
- duong kinh ngoai tr 125 + 150 pm
—>thong tin khoang cach xa
+ Single mode fiber:
- duong kinh 161: 4 + 10 um
- 0.1<NA<0.15
- duong kinh ngoai tir 75 + 125 um
- long-distance communication
- Cac xung cong suat duoc tai doc theo cac duong khac nhau s& t6i dau cudi tai
nhing thoi diém khac nhau ( mode truc t6i trude tién, mode g véi goc NA dén sau
cung) =>tré mode .
- Do tré mode, xung dong tong thu duoc s& rong hon xung btc xa gdc.
—>qua trinh mé réng xung nay xung nay goi la méo mode (modal distortion ).
—>Graded - index fiber c6 méo mode nho hon so voi step-mode fiber.

- Bién d9 xung truyén qua cap bi suy giam do hap thy, tn xa va buc xa.
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- Co ché tén hao hip thu: chuyén doi nang luong birc xa thanh nhiét nang, phu

thudc vat li€u va tap chat.

- Co ché ton hao tan xa : cac tia nang luong bi 1éch khoi duong truyén mong

mudn, do phan xa tir defect va tan xa Rayleigh boi vat liéu. Tan xa Rayleigh do
tuong tac séng dién tir burc xa voi cac dién tur cua vat liéu, cac dién tir nay s€ hép thu
va tai burc xa song > gdy ra doi pha so véi tin hiéu gc. Mot phan nang luong bi
thoat ra ngoai do btrc xa tan xa, tdn hao tan xa ~ 27,

- Tén hao birc xa: ning luong thoat ra khoi soi quang khi vi pham goc t6i han do

cap bi bé cong qua nhiéu, do thay ddi dudng kinh 151 va thay ddi chiét suat.

§ 6.2 CACPAC TRUNG VA CAC THONG SO CO BAN

1) Céc thong sd co bén:

* Khoang cach gitra cac goc duoc phép (hay goc tach dugc phép):
AO=L/d=2/nd (rad)
vOi d: duong kinh soi quang
n;: chiét suat 13i soi quang
Ao: budc song trong khong gian tu do
* S6 mode c6 thé ton tai trong soi quang phu thudc A@ va goc t6i lan truyén, véi
cap tron:
n = (aT)*/2
VOl T=0,/A0
0p: goc lan truyén cyc dai
n: s6 mode khi 7T > 2.405
* Thong s6 V (hay tan sé chuan hod), khi z T < 2,405:
V =7T =n 2r[(n;> = n,)"*] / &g
voi r: ban kinh 161 s¢1 quang
n,: chiét sudt vo

2) Méo mode va tan sac
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Go1 ty: tré truc véi khoang cach L
t,.: tré doc theo dudng truyén tng voi 0,
> to=n;L/c
tn =1L /c.cos 0,
At =t, —ty = (Ln,/c)(n; — ny)/n,
* Hién twong tan sic xay ra khi ngudn btrc xa nhiéu budc song trong mot khoang
A4, khi d6 xung tin hi¢u s€ bi mo rong 1 lugng:
t=Kp).ALL
voil Kp): hé s6 tan sic, phu thudc vat liéu va budce song.
L: chiéu dai cap soi quang

3) Cong suit thu

-Cong suat burc xa sé ra khoi 6ng dan song theo 1 hinh nén twong ty nhu qua 15
hep .

-Khi khoang cach gitra dau thu va miéng soi quang giam, kich thudc vét chiéu tir
miéng s€ dat to1 duong kinh 161 soi quay. Néu dién tich dau thu nhé hon dién tich vét
chiéu, thi ty s dong birc xa thu duoc /dong roi khoi soi quay = ty s dién tich:

0 / 0) = (Da/ D)’ (NAger / NAsgiper)”
voi NAge: khau d6 s6 dau thu
NAgye: khau do $b sQ1 quang
0.: dong birc xa dén dau thu
0o: dong burc xa ro1 khoi miéng soi quang
Dg4: duong kinh miéng dau thu

D.: duong kinh 161 s¢1 quang

4) Do rong bang:
BW=035/T
vOl T= (tlz — t22)1/2

T: h¢ s6 mo rong xung
ty: d§ rong xung dau ra sgi quang

t,: 46 rong xung dau vao soi quang
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§ 6.3 COMMUNICATIONS LINKS

1) Thiét bi

Mot tuyén thong tin quang bao gdm mot ngudn, mot dau thu va cap quang két ndi
tuyén. Ngudn c6 thé 1a LED, IRED hoic laser diode. Ngudn c6 thé dugc diéu ché
v6i tin hiéu tuong tr, nhung thuong dugce kich boi cac xung sb.

Detector thuong dung PIN hodc APD. Tuyén thong tin c¢6 thé xem 1a théng tin
khoang cach ngan, trung binh hodc xa. Thong tin khoang cach ngin thuong trong
pham vi vai m va dung cho:

- Thiét bi diéu khién qua trinh va thiét bi cong nghiép

- Cam bién y té, dwa vao co thé bénh nhan va ndi véi thiét bi ghi

- May tinh va thiét bi ngoai vi

- Céc cau phan c6 d6 chinh xac cao cho muc dich quang céo

Hé théng khoang cach trung binh thuong 16n hon vai m va dudi 1 km, con goi 1a
mang LAN, thudng dung soi thuy tinh da mode (bang rong va ton hao thap) hoic
plastic da mode. Nguén dién hinh 14 IRED hoat dong & budc song 850 nm. Khau do
s6 thuong tir 0.2 + 0.5 va dudng kinh 161 50 = 100 um dé tién cho viéc ghép véi birc
xa tir IRED. Puong kinh 151 16n hon sé& giam chi phi lap dat, két ndi, nhung do rong
bang giam.

Hé théng khoang cach xa dé thiét ké hon do yéu cau han ché su lya chon ciu
phan. Hé thong khoang cach xa dung dé tai dit liéu bang rong va co thé dung soi
chiét suat graded. O khoang céach rat xa thi chi dung soi don mode dé bao dam do
rong bang va murc ton hao cho phép. C6 thé dung ngudn communication-grade laser
diode hodc edge-emitting IRED dé ghép ning luong vao cac sgi quang nay.

K§ thuat han cap soi quang thuong duoc dung hon so véi cac bd ddu ndi co dé
bao dam ton hao théip va dd 6n dinh cao.

2) Céac cau triuc ong dan song va cac linh kién khac

Integrated optics 14 cac dng dan song va cac cdu phan quang dugce tich hop trén

cac dé vt liéu dung k¥ thuat twong ty mach tich hgp ban dan. Céc linh kién tich hop
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quang thuong la cac b tach tin hi€u, cac by doi pha, cac bod diéu ché va cac bd
chuyén mach. Tét ca céc linh kién tich hop quang déu dungcac cau trac dng dan
song dugc tao bai cac dudng dan cua vat lidu co chiét suét 1on hon chiét suét cua vat
lidu dé. Cac 6ng dan song hoat dong twong tu cap soi quang va dugc xem xét nhu
cac bd tach hoac ghép tin hiéu.

Bang cach diéu khién tiét dién 6ng dan song, chiét suat cua vat liéu, khoang cach
giita cac 161 va chiéu dai cia mién ghép, sé& thiét 1ap duoc ty phan ghép ning luong.

Cac thong s6 ciia bd ghép quang:

Théng s6 BG ghép 4 cong Bo ghép N-part
Ty sb ghép P,/ (P, + P5) Py /P,

Tén hao du thira P, + P53/ P, P,/ P;

To6n hao chén P,/ P, P/ P;

b6 ddng nhat P,/ P; P,/ P,

bJ§ dinh huong P,/ P P,/ P;

Trong do: Py: cong sut ra khoi cong N bat ky

P;: cong suat vao tong
P,: cong suét ra tong
Py: cong suét ra 16n nhat
P,: cong suit ra nho nhat
P,: cong suét ra cong khong ghép
Qua trinh ghép dung mang 4 cong co thé két hop v6i hiéu tng quang dién
(electro-optic effect) dé tao ra cac chuyén mach quang. Cac vat liéu c6 hiéu tng
quang dién s& thay do6i chiét suat khiic xa khi c6 mit dién truong do ap dat dién ap.
Su két hop cua dién ap thién ap va dién 4p chuyén mach s& xac dinh dau ra truyén
burc xa.
Céc vat liéu tinh thé (chang han GaAs) c6 hiéu tng quang dién. Vat liéu dé:
LiNbO c¢6 hiéu trng quang dién rat manh. Thé chuyén mach ¢& 5—10V. Hé s6 dinh
huéng c¢& 100:1 dén 3000:1.
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Chiét suit cta vat liéu anh hudng dén van tdc truyén song - thay doi chiét suat
c6 thé thay dbi pha twong d6i. Cac bo di pha va diéu ché pha céu tao tir mot dng dan
song dat trong tinh thé quang dién, gitra 2 dién cuc. Lugng di pha phu thudc do 16n

dién &p va chi€u dai ong dan song.
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