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1. DAN PIEN CUA TINH THE BAN DAN

Vung nang luong:

Vung Dan

e

Si 4 dién tu hoa tri
" —

n. = _~e 2kT
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T=0K

kT>E

Lo: Trang thai trong trong vung hoa tri dién dﬁy

gan hét:




2. BAN DAN TAP CHAT

Lién két déng hod tri
[ nguyén tw ding Chung & dién

tw hoa tri voi 4 nguyén tu khac:
Si, Ge, C mang kim cuong

Ed
N Y2 kT
n=N, "¢

‘o Vo Tap thudéc nhom 5: VDban | o
N o P, As, Sb muc donor t ¢
\_/N\ 7
7 N\ /‘\ V Hoa tI‘i
‘o’ Yo’  1lap thudc nhom 3: V din
SN D
\ /®\‘/ B, Al, Ga, In muc A_c_c_:_epto_r___i__ E
/.\ 4 = V Hoa tr1 y
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3. CHUYEN Dong phat sinh ¢6 J, cua dién

TIEP p-n tir tr n -> p tai hop véi 16
p [ °r2 | = Dong tathop co J
\% +AVZ (&, - Epp)/e Jogt =0
N — A (Vaen)=1,,(0). exp( -elVI/k;T)
e T Vi) =Tg(0). T4+ 3 20
Thé nghich: p(-) n(+) | = Io.[exp(ev) 1]
Thé thuan: p(+) n(-) “ KT

J (Vq)=J_(0).exp(elVI/kgT)
Joe(Vi)=J,(0). \

J +J #0  Hiéu tng chinh luu




PIN MAT TROI
[L N

Chi€u 4nh sang phit hop lén chuyén tiép p-n
Lo (h) va dién tu (e) sinh ra.
L6 bi day vé bén trai (thé am)
Dién tir bi day vé bén phai (thé€ duong)
=> Dong quang dién => Pin mat tro1



DEN DIEN TU3 CUC
K Ludi

I

Pién ap trén ludi thay doi it

-> s0 dién tir tir K->A thay doi manh
-> dong qua dién trd thay doi manh
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4. TRANSITOR
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dong do

I+ AL |
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Ugg + AUBE Upct AUpc

dong dién tu
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I+ Al
AU == AL

==> Al -->Al
=1+ 1 vO1 Iz<<lI-

Hé so6 khuyéch
dai dong




5. HIEU UNG NHIET DIEN

_ P~¢  T<T,
T T N\ g /
N "~ 2 e vah khuéch tan
= h sang phia bén kia
phu thudc vao
nhiét do

Su xuat hién Suat dién dong do chénh
1éch nhiét do goi 1a hién tuong nhiét dién



6. LASER (Light Amplification by Stimulated
Emission of Radiation)

0.1. Phat xa tu nhién: Boc N
. ) e | AR
1ap vO1 nhau, khong co két . ;

N . P < El
hop vé pha, dinh huéng va d0kich thich ~ phat xa

phan cuc Thoi gian hé o trang thai kich

thich At~h/ AE ~ 108 -107s
6.2. Phat xa cam ning: Khi c6 Bk,
kich thich tir bén ngoai bic | kich thich | "=
Xa cam ung ¢ cung hudng, phat xa
cung tan so, do phan cuc,

két hop triet dé gitra phat xa va kich thich



6.3. TRANG THAIHE E,
Nguyén tu = hat; Miic nang
luong E,>E,. N-tong s6 hatcia [
hé E, E, |

T LT 0
N1~e KT N2~e kT

X4c suat hap thu P, ~ N, ~e KT
Xac suat phatxatumuac E, P, ~N, ~e KT
Tai T=300K, v =3.10'*Hz titc A=10"°m thi
P,/P,=e*<<1
Muoén P,=P, (phat xa cam tng= hap thu cam
tng) thi T=o0 vi E,>E,



6.4. TRANG THAI DAO MAT DO HAT,
PHAN BO BOLZTMAN MO RONG

D€ c6 phat xa cam tng thi P, >P, hay N, >N,

EZ_El —
&:&:e_ KT In%z—EszE1>O
P Ny . Nén T<0
. E,-E,
Phan bo m& N _p kT
rong N

1 T>0 can bang nhiét dong luc
T<0 dao mat do hat

D¢ dao duoc mat do hat thi trang thdi can bang

nhiét dong b1 pha vo

Boltzman



Moi truong dao mat do hat 1a moi truong kich
hoat

: E, O
N hy=EL E, hap thu: biic xa
*— E truyén qua suy gié’lm

E,

Phét\xa cam Ung: bic xa ] W
truyén qua manh 1én kich thich- E
. ) ) S phat xa !
Hap thu anh sang boi mo1 truong
--------------- 5 O ’>( hap thu anh sang
1= "0’<0 cudng do 4nh sdng tang
X theo bé day cua moi truong. So

photon tang thac Iu




Moi truong kich hoat c6 trang thai dao mat do
A g hat N,>>N,
A | =,.e™ Biéu thuc cudng do bic xa
: cong huong
Bo cong huong - Hi¢u ﬁn%Laser

________________

han x mvr ~ | ) 7
phan xat  Moi truong  Guong phan , |, | ) |
100% kich hoat  xa 50% May phat Laser:

- Moi truong kich hoat’khi, 16ng hoac ran

- Co ché bom nang luong cung cap cho moi
truong

- BO cong huong khuyéch dai chum biic xa
truyén qua



0.5. CO CHE BOM - PHAT XA CONG
bom lén mic E, , E, bang

—E, cac phuong phap: Chi€u
1 -~ chum anh sang manh vao

“#n: MT ran, 1ong; Phong dién
E, trong khi, ban dan

T s

| v v v _|__lv__v__v_

Phat xa cong huong: Laser phat ra

Thoi gian song 6 muc E, , E, ¢ 105-107s va
nhay xuong muc E, ->moi truong o trang thai

dao mat do N,>>N,

Thoi gian song 0 muc E,

cd 107s va nhay xudng
muc E, khi co kich thich

NANN\—
NANN\—

)




6.6. LASER HONG NGOC

Al,0, pha tap 0.03-0.05% Cr,O,

Neon — 694.3nm l Cr++
xanh I==
J I I\ (107 s) 1, & Ty |
vV << Ty (1073s) ;

Mic co ban

LASER xung : Khi tir trang thai III nhay vé
trang thai co ban phat ra chép sang 1oé.



6.7. LASER Héli-Neon

eV.
19.81| He (I) vadap Ne(II)

90%He+10%Ne |~ : A\ Ne@V)
ap suff{ cO 1.ImmHg | Ne(III)
Pao mat do gitta Ne(IV) va Ne(IlI)

LLASER ban dan

\Y% déinI ) il_

mufc donor E

! 2 toPros
h S )
V=E E — n

" e tic Acceptor E, T
V Ho4 tri _

Dao mat do gitta viing hoa tri va ving dan

A=632.8nm

Ld
+




6.8. CAC TINH CHAT UU VIET CUA LASER
1. Tinh dinh huéng cao: ¢ nhiét d6 phong do
mo 0.01°

2. Tinh két hop cao: Hiéu pha trong khoang hai
thoi diém luon khong doi, dd don sic cao A A ~
(1078 -102%Ym. Av/v~ 101

3. Tinh két hop khong gian cao: trong khoang
cach AL=100km gitta hai di€ém hiéu pha khong
doi. Cuong do dnh sang cuc 16n E~107V/m
cong suit dat 10'°W.,

4. Hiéu suat: Heli-Neon 1%, CO,-N dat 10-
20%, Ban dan 40-100%

5. Burc xa cuong do cao o ché do lién tuc,



Diéu bién AM, Diéu tan FM, Ch€ do xung cuc
ngan 6.10 s(femtosecond)

6.9. UNG DUNG CUA LASER
a, Trong ky thuat do luong chinh xac, in chup va
tao anh: anh vét sdng trén mat trang cua tia laser

nho hon cta vét do song dién tur Cfm@

5000 lan
0

c=(299792458%1)m/s

Diéu khién tir xa

Vv

P
2 * o ';,,:f i
S g
\%% Bom laser



b, Tao anh 3 chiéu honogram

Phim

guong A

nguon laser



¢, Ky thuat thong tin
e Goc md& nhod, tan so cao (= 10°tan so'VT)-
>200kénh TH
 Truyén luong thong tin 16n, t6¢c do cao theo cap
quang
d, Cuong do 16n 10"W/cm?: tng dung trong k§
thuat gia cong vat liéu, vi phau thuat

e, Trong cac nganh khoa hoc k¥ thuat khac, nhu
vat ly:
 Nhiét do cao: tap trung nang luong trén A2



Kich thich va chon loc trong phan ttng hod hoc
vGi su tham gia cua dong vi nhat dinh

 Trong sinh hoc: chiéu roi cic t€ bao co
micromet

» Tan so cao dung tach cac dong vi phong xa



f, Quan sét su chuyén doi nhiéu photon

f f f

h(DZ /\%/ > 5

o m . m i At ~1015s
| ho, 19 ;
i i - I
hap thu mot hap thu hai trang thai trung gian
photon
photon m

qua trang thai
trung gian m; At
~103s

Photon thu 2 kip
dén nang lén
muc

khong quan sat
duoc
photon thit 2 dén

trong khoang At
~10-13s



g, Quang hoc phi tuyén: Khi chiéu laser vao
chat dién moi gay ra véc to phan cuc:
P =B +%2E° + 13E” + ..
c6 thé tao ra tia laser c6 budc séng bang 1/2
budc song tia so cap ung voi tia hoa ba
E = E,SIn ot

P = y,E,sin(ot —kx) +%,E,’ sin® (ot — kx)

P, =%,E,SIin(ot — kx) + %XZEOZ + %XZEOZ cos® (2wt — 2kx)

song lan truyén §5i?f2‘n4s6~b§1ng tan so kich thich
Véc to phan cuc khong doi

Song hoa ba thit 2 ¢6 tan so gap doi tan sO song
kich thich




