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|. Hién twong phat xa quang dién te

1. Lich s vé hiéu *ng quang dién

Nam 1839, Alexandre Edmond Becquerel 1an dau tién quan sat thdy hiéu ng
quang dién xay ra vai mot dién cuc duoc nhing trong dung dich dan dién dwoc chiéu
sang.

_Nam 1887, Heinrich Hertz quan sat th dy hiéu (*ng quang dién ngoai déi véi cac kim
loai (cling la ndm 6ng thwc hién thi nghiém phat va thu song dién tir). Sau dé Aleksandr
Grigorievich Stoletov (1839-1896) da tién hanh nghién clru mdt cach ti mi va xay dung

nén cac dinh luat quang dién.

_M©ot trong cac cong trinh clia Albert Einstein xuat ban trén tap chi Annal der Physik
daly gidi mét cach thanh cong hiéu rng quang dién cling nhu cac dinh luat quang dién
dva trén moé hinh hat anh sang, theo Thuyét lvong tl vira dugc cong bd vao nam 1900
clia Max Planck. Céc cong trinh nay da dan dén s cong nhan vé ban chét hat clia anh

sang, va sy phét trién clialy thuyét lvdng tinh sdng - hat ctia anh sang.

2. Hién twvong quang dién:

a. Hiéntuong
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Khi m6t thong lvong birc xa dién tir dap |én bé mat mot vat thé bat ky thi mdt phan
cliand bi phan xa, mot phan xuyén sau vao bén trong vat thé va chiing bi hap thu. Blrc xa

bi hap thu nay co thé:

_Lam xuét hién nhitng hat tai dién méi :dién t& trong ving dan va 16 tréng trong
vung héa tri 1am tang do dan dién. Hién twong ndy goi la hién twvong quang dan ( hiéu

trng quang dién ndi).

Hién tvong quang dan dé xuft hién d6i véi chét ban dan va chat cach dién, 1am thay doi
d6 dan dién cla ching.Va hién twong quang dan khéng xudt hién trong kim loai vi trong
kim loai da co rat nhiéu dién tir tu do.

_Lam xuét hién nhitng dién t& c6 nang lwvong dd 1on dé vwrot qua rao thé trén bé mat
vat thé va phét xa rangoai. Hién twgng nay goi lahién twong quang dién ngoai hay phét

Xa quang dién t.

® K&t qua thu duoc tir viéc nghién clru phat xa quang dién tir bang thuc

nghiém:
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_Sv phu thudc vao tan sO cla anh sang té¢i: Bong nang phu thudc tuyén tinh vao

tan s6 anh sang téi

K

max

—

fo

_ Sy phu thudc ctia dong vao cuwong d6:  Dong quang dién tang tuyén tinh voi

cwong dé anh sang toi .

Light frequency f= constant
Volage V= constant
Photoelectric
current

Light intensity

_Su phu thudc ctia dong quang dién vao dién thé ap: V :thé ham = =0

+Thé ham ti |é v&i ddng nang cuc dai cla quang dién tir: K =€V
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+Thé ham khong doi khi cvong do dong thay doi=ddng nang cla quang dién ti

khong phu thudc cuvong do toi

Photocurrenit
fa= 1y

' U Applied voliage

_ Su phu thudc vao thoi gian:dién tlr hap thu va phat xa photon mét cach tirc
thoi

Tir viéc nghién ctru phét xa quang dién tir bang thwe nghiém da thanh [4p hai dinh luat co

ban sau:

_ Dinh luat Stoletov: Dong quang dién ti (trong ché do bdo hod) ty 1& thuan voi

dong btrc xa dap |én cathode: i¢ ~ |

_ Dinh luat Einstein: nang lvgng cuc dai cla quang dién tir ty 1é thuan véi tan sb

bblc xa va  khéng phu thuéc  vao cwong dé cla no:

(%nn':J _=a-—bv

II. Sy phat xa quang dién tlr doi voi kim loai
1. Khao sat dinh luat Einstein
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| VACUUM LEVEL

METAL
Tai O K, trong kim loai, cac dién tlr nam dw6i hodc & mirc ning lvong Fermi. Tai T

> 0K thi nang lvgng cuta dién tir trong kim loai nhan thém mét nang luvong do kich thich
nhiét:
€+ 0W
V@i € : nang lugng Fermi, dW : nang lugng Kich thich nhiét.

Khi chiéu chum birc xa nang lugng hu dén bé mat kim loai thi dién t &2 hap thu
photon. Sau khi hap thu, nang lvgng dién tir 1&:
W=¢g+0W +hu

Khi xung luc clia dién t hwéng dén bé mat kim loai, thi sau khi hap thu photon,
dién tr S8 bit ra khoéi bé mat kim loai. Trén duong di dén bé mat do dién tir bi mat mét
mot nang lvgng AW do twong tac véi vat chat bén trong kim loai, va dé thoét ra khoi bé
mat kim loai, dién tlr phdi vwot qua rao thé W, . Do vay sau khi thoét ra khéi kim loai,
dong nang cua dién tir bang:

mv -

2

=g4+hv4 W - W, — AW =hu + §W — AW — &,

®, :cOng thoat ngoai

Néu khong c6 su mat mat nang lvgng do twong tac gilra dién tl voi vat chat bén
trong kim loai (AW = 0) va khong tinh dén nang luvgng kich thich nhiét (T = 0K) thi dong
nang cda dién t& [6n nhat:

mv-
( ) = hv — &,

-

max
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La phuong trinh Einstein
® Nhan xét:
Su phu thudc vao tan s clla anh sang téi:

Van téc clia quang dién ttr chi phu thudc vao tan sb v clia birc xa chiéu té¢i makhong
phu thudc vao cutong do anh sang ti.

_NEu hu < @y : hiéu (rng quang dién khdng xay ra.

_ Néu hug — @43 = 0 hay vy = ®y/h : goi la bién d6 cla hiéu (ng quang dién, day la
tan sd nho nhat matlr do bat dau co hiéu (ng quang dién

Do dé cong thirc Einstein dwoc viét lai &

(et )
( ] = h(v = v,)

" max

53

Su phu thudc vao cwong dé anh sang toi:
Dong quang dién ti [€ v&i cuong dd anh sang toi ( khi tang cudng dé anh sang toi

ttrc tang s6 photon thi s6 quang dién hay cuwdng dd dong quang dién tang)

Suv phu thudc thoi gian cla phat xa quang dién tlr : khodng thdi gian ma dién
tlr hdp thu photon rdi phét xa ra khoi bé mit vat chét dwoc tinh bang cach xem nhu dién
tw hdp thu photon sau khi photon di mdt khoang bang kich thudc dién tir, do do thoi gian
hap thu photon:

. 10" m —11{!'::
b7 7 3 108m/s 3 :

Nhu vay, tathdy dién tir hap thu photon mot cach tirc thoi.Phu hop véi thwe nghiém.

_ Diéu kién nghiém dang cta dinh luat Einstein:

Dinh luat Einstein chi ding khi tan s6 anh sang téi v ~ vg+1.50g va T = OK (tkrc khi
dW = 0)

Khi T # 0K phuong trinh Einstein khéng con nghiém dlng, vy khdng con la tan so
bién vi khi nhiét do tang tirc W tang nén v S8 gidm. Tuy nhién khi T > 0K nhwng khong
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I6n 1dm ( khoang nhiét do phong) thi dién tir c6 nang luong 16n hon € rdt nhd, do dé s6
dién t&r co6 van toc |&n hon v > v Sau khi thodt rakhoi kim loai larat nho.
2. Tinh toan mat do dong phat xa
Dé tinh todn mat dé dong phét xa rat phirc tap, phai can giai quyét mot so van dé

__ Sy phan bo theo nang lvong ciiamot so dién tir sau khi hap thu photon.

_ Xé&c sudt hap thu photon clia dién ttr phai phu thudc vao v, vao cwong doé cling nhw
nang lvgng ctand.

_ Xé&c sudt dién tir dwoc hap thu photon dat dén bé mat kim loai va s mat mat nang
lvong trén dwdng di ciachang.

_Xé&c dinh hé sb truyén qua cua dién tir dwgc kich thich qua rao thé trén bé mat kim
loai....

DE gidi quyét nhirng van dé nay, Fowler da xay dwng ly thuyét xudt phét tir nhirng
gid thuyét don gian sau nhwng kha phu hop voi thue té ring dung:

_ Trang thé cua dién t&r trong kim loai dwoc biéu dién bang ly thuyét dién ti tw do
Sommerfield.

__ Ly thuyét dwoc xay dung chi doi vai day tan sd gan bién doé (v ~ ug + 1.50g). Nhw
vay, dong quang dién chi gém nhirng dai luvgng gan mic nang lwong Fermi. Do vay tat cd
nhitng dai lvgng khong phu thudc nhiéu vao ning lvong dién tr va co thé xem la hang
s6.Vi vay xéc suat hap thu photon P cla dién tir bat ky la nhuw nhau.

__Hé s truyén qua D dwoc xac dinh:

D =0 khi W, <W,
D =0 khi Wy =W,

_ Quang dién t&r duoc kich thich trong mot 16p day trén bé mat kim loai cé do day
cd quang duong ty do trung binh.

Nhv vay, theo ly thuyét clia Flower, nhitng dién t& khi & trén [6p bé mat kim loai
khi dwoc chiéu sang béi anh sang ¢ tan sb v gom hai loai:

+ Loai thi* nhét: dién tr thong thwong nam gan mirc Fermi, & nhiét do thuong cac

dién t&r nay khong thé tv thodt ra khoi kim loai.
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+ Loai tht hai: cac dién tlr dwoc kich thich badi hv.

Nhitng dién tr nay co thé thodt ra khoi kim loai khi bi kich thich bdi mdt nang
lvong W, > W,. Do dé su phan b6 nang lvong clia cac dién tir hap thu photon theo nang
lwvgng ciing c6 déc trung nhw doi vaéi dién tir khi théng thuong nhung dich chuyén vé phia
tang nang lwvgng mot lvgng hu.

Dién tr c6 nang lwvgng W, khi hdp thu photon thi nang lvong clia dién t&r tang 1én
mot lvong hu : W, + hu, diéu nay twong duong véi su gidm hang rao thé nang W, mét
lvgng Wy — hu.

Vay sb dién tlr c6 nang lvong W, dén W, + dWx dap |én mot don vi dién tich bé

mat kim loai trong thoi gian 1sla:

_l,'kaT 2=W, 3

dN = ]:ﬂ(l-"E KT )dw,

Goi o laty s6 (xac suat) giltamat do dién tir khi dwoc kich thich béi photon trén [6p
bé mét kim loai voi mat do dién tir khi thong thuong (o 1ahang s6).

Vay sb quang dién t&r thoat ra trén mot don vi dién tich bé mat kim loai trong thoi

gian 1sla
4mmkT r ' e Wy .
Ne =« o I 111(1—9 kT J)d"ﬁx

|':1|ﬁl"_\I - In_u_:l

PE tinh toan tich phan nay, ta dwa vao bi én sd méi:

g—W,
=2
kT
Va ki hi éu
hv—v,) &— (W, —hv)
= =
kT kT
Vay phuong trinh duoc viét lai:
semk® . | ) .
N,=a =T~ J In(1+ &%) dt
n

=0
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Ham SO

X

flx) = J-lnt'_l + ef)dt

=

C6 thé trabang hodc viét dwdi dang sau:

o E:I ESI Hgn.r L
flx) =e* —_2—: —? _ = —z(—l} = khix <0
2 2 . = _]’I: X
va f(1)=——T—(e ——5z 1 )_?_E_Z[_l} - khix=0
ffﬂ)=%khz’x=(}

Do d6, mat dé dong quang dién ttr c6 dang:

. _ 2 pf N 5 [V — )
Je =eNg = ad T f(x)=ad,T°f KT

Vi Ao la hang s nhiét dién tlr Sommerfield

4amk’e
Ao =53
® Nhan xét két qua:
_ Khi v = 0 ( va a = 1) thi:
_ hyy, ®, »
Y= T T <0
Mat do dong cod dang:
., -2z
Jj= AT e kT

Vay, phuong trinh nay trung véi phuong trinh méat dé dong phat xa nhiét dién ti,
dong dién tir phét ralado phét xa nhiét dién tt.

_KhiT=0K

+V0@iu<ug;X -co, matdddongphatxa:jo=0.

Diéu nay cho thdy nghiém dlng véi dinh luat Einstein, khi tan s anh sang t¢i nhé
hon tan so bién thi khéng xay ra hiéu trng quang dién.

+ V(@i L >0 X oo, mat dd dong phét xa quang dién co dang:
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. 1(‘:’.-‘-1CF‘I: _ .
Je=3 7 (- w)

e

Xay rahién twgng phét xa quang dién tt, va dwong dac treng pho cé dang parabol.
_Khi T>0K

+ VGi v = ug vax = 0, mat dodong phét xa :

-

jo = aA,T? %

Truedong hop ndy mau thuan véi dang Einstein, mat do dong phét xa >0 1a do chuyén
dong nhiét dién t&. Lac nay v khdng con latan sb bién nira, vi khi T tang thi ug bién doi
theo T.

+ Vi v > vy vax>>1; f(x) = n%/6 + x%2. Do do:

h*(v —v,)" _1?.:
k® 3

) ,fx? @\ a4,

.

La

Tl biéu thirc tathdy sd hang thir nhat rat I6n hon so véi sO hang thir hai, ngay ca khi
(U-Ug) = 100A°, vi vay jo phu thudc rat it vao T.

+ Vi v <ugvax << -1;f(x)=e* do dé mat do dong phét xa:
ja = ad,T*

Treong hop nay mat dé dong phét xa trung véi mat do dong phét xa nhiét dién ti,
sy hdp thu nang lvong photon twong dwong s gidam cong thoat mot dai lwgng hu. Do vay
truong hop nay sé ding néu néu Wy — hu >> kT

I11. Sy phat xa quang dién tr d6i vai chat ban dan va chét cach dién.

1. Chat cach dién va chat ban dan tinh khiét
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I
Ving din v
l
|
Q

Ving day

C4u trac vung nang lvong ctia ban dan tinh

khiét vachat cach diend T=0K

Khi T = OK, thi viing dan s& tréng rong, cac dién ti tap trung & vang hoa tri. Diéu
kién dé dién tlr & vung lap day hap thu photon va phét xa;
hu > + Qg ttrc dién t&r mubn thoét ra khoi bé mét ban dan tinh khiét hodc chét cach dién
thi phai ning lwvgng hip thu phai 16n hon hodc bang téng ning lvong ving cdm Q, va
cdng thoét ngoai .

Tan sO bién clia phat xa quang dién t& trong trvong hop nay:
hup= @ = P + Qg VGi ®g goi la cong thoat quang dién tir tire la nang lwong cuwc tiéu can
cung cdp dé mot dién tir & vang I4p day co thé tach ra khoi bé mat chét ban dan tinh
khiét vachat cach dién.

Moéi lién hé gilra cong thoat nhiét dién tr va cong thoat quang dién ti:

Cong thodt nhiét diéntlr : Pg=Wo—-e=( + Qo/2 = Dy — Qy/2

Nhu vay ta cé thé xac dinh do rong ving cdm bang cach : xac dinh ®, bang céch
do dong phét xa nhiét, con xac dinh ®,, bang cach do tan sd bién. Phrong phap nay cho

két qua khatrang nhau véi cac phuong phap khac.
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2. Béan dan co tap chat

a. Bandanloain

Vimg din

-»
»
L
»
»

Ving diy

Da&i voi béan dan loai n, khi nhiét d thap ( khoang nhiét do phong), néng do nguyén
tlr tap chat Ion thi dién tl S8 tap trung trén cac mirc tap chat donor vatrong vung héartri .
Mirc ndng lvong Fermi ndm gilra mirc tap chét donor va ving dan, cach mirc tap chét
donor mot khoang 6 = Q/2 nén dé xay ra hién twong phét xa quang dién tl thi tan sO bién
cliabtrc xa chiéu tdi duwoc xac dinh:
hug=®e =y +Q

Hé thirc lién hé gilra o va Dg: Dy = Oy, — 8. NEu & nhiét do thap thi : dy = Dy —Q/2

b Js

f Dién ti chim

o SRR, I,

l Dién t¥nhanh
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Khi xay ra hién teong phét xa quang dién t¢ & ban dan loai n thi ban dau phét xa
quang dién t&r xay ra d6i v&i cac dién ti & mirc tap chat donor, nhirng mirc nang lvong
clia chiing khong trung nhau va chi ém mot vung rat nhd, do dé dong quang dién t&r xuat
hién khi vy = (U +Q)/h va dd nhay clia ching qua mét cuc dai, sau d6 giam.Du¢i vung tap
chédt donor la céac dién t&r nam & vung 18p day, nong do céac dién tr & mdc nay cao hon
rat nhiéu so véi vung tap chat, khi tan sb dat v = (¢ +Qg)/h thi cac dién tlr & vung lap day
bat dau phat xa quang dién t, vi vay do nhay bat dau ting,dudng dic trung phd bat dau
xudt hién cuc dai thit 2. Van t6c cla dién tlr thoét ra khoi ban dan tir viing tap chét s& [on
hon van téc clianhirng dién tir tir vang day, do d6 dac trung volt-ampe c6 dang bac.

b. Béan dan loai p

Ving din

O trang théi thuong, khong bi ion hoa nhitng mikc tap chét aceptor khéng chira dién
tir, cac dién t&r ndm & ving day, thap hon mirc ning luong Fermi mot khoang & = Q/2. Do
vay mubén cé hién tuong phét xa quang dién tt thi tan sd bién:
hup = ®o= P + Qo

Hé thirc lién hé gilra @y va Dy : P = Dy - d

V.Y éu cau photocathode
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Mot photocathode dat yéu cau can co6 lugng tir thoat ( d6 nhay y = s6 quang dién ti/
s0 hu) 16n va cong thoat quang dién tir ®¢ nhd. Tuy nhién moi loai photocacthode c
nhitng wu va nhroc diém riéng, dya vao do nguoi ta trng dung nd vao nhitng muc dich st
dung pht hop, vatim céch cai thién né dé dwgc mot photocathode t6t nhét, cd kha nang
rng dung réng réi.Photocathode thirdng ding lam sensor dé doan nhan anh sang.

1. Photocathode kim loali

Photocathode kim loai c6 luvgng t&r thoat rat nhoé va bién quang dién ttr cliatat ca kim
loai ( trir kim loai kiém) déu nam trong ving tl ngoai hay bién ving anh sang
tim.Photocathode c6 wu diém 16n la: dd nhay cla n6 ludn ludn khong déi va & nhiét do
thuong phét xa nhiét dién t&r hoan toan khong xay ra. Do dé n6 chi dung khi can cé
photocathode cé dé nhay I&n & vang tir ngoai. hay lam cathode nhan quang dién tt.

2. Photocathode bang chéat cach dién

Dai va6i chat cach dién do do rong vung cam rat Ion,nén tan sd bién quang dién to
lubn nam rét xa ving t&r ngoai. Vi vay ngudi ta thudng khong sir dung loai photocathode
nay.

3. Photocathode ban dan

Péi vai photocathode ban dan wu diém ciand |a:

_Hap thu quang dién lon, va 1én nhat d6i voi quang dién tlr thoét ra tir vang day vi
s dién ttr trong vung day ludn ludn 16n hon ving tap chat.

_Nang lvgng cla cac dién tir khong bi mat mét nhiéu khi di dén bé mat cathode do
cac dién tir dan dién co ndng do nhd nén mét mat ning lvong do twong tac giira ching
khong [on 1am.

Photocathode ban dan loai n hodc tit ca cac photocathode ban dan co ving cdm khong
|6n 1am thi dac trung phd nam trong ving anh sang nhin théy.

Vi mét photocathode dat yéu cau thi khéng nhitng luong ti thodt |én ma con can
gidm c6ng thoat quang dién t&r , mudn vay nguoi ta can phu Ién trén mat cathode mot 16p
mong don nguyén tl . DE thda man tat ca yéu cau trén ngwoi ché tao raloai phtocathode
bén dan phtrc tap.Loai photocathode (rng dung rong réi trong k¥ thuat ngay nay |a Ag-
Cs,0O-CsvaCs;Sh.
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Gian do nang lvong clia hai loai photocathode.

PHOTOCATHODE
Ag-Cs,0-Cs

Cathode ban dan loain

@;=0.75eV o

¢ 4fto
.“':E‘: e e e S

“f-.i; R
:|=.'.E‘l"

Q=0.5eV f

Pac tring pho clia photocathode

PHOTOCATHODE

Cs3Sb

Cathode bdn dan loaip

=]1.5eV
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A fwatt

Sre P8 nhay tich phan:

wo 3 r ;Ifﬂ
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20 \\ ‘ 1. Cs;Sbkhoéng trong sudt

o > R 2. Cs;Sbtrong sudt

' : ' ALAT)
000 4000 6000 8000 10000 12000 A7)

—fe—— : 3. Ag-Cs,0-Cs(theotyléxich

a. Photocathode Ag-Cs,0-Cs
Chat cach dién Cs,O chira cac nguyén tlr thira Cs va Ag tap chat donor. Phét xa
quang dién t&r véi budc song A = 7500+ 8500A° lién quan dén dich chuyén dién ti tir mirc
tap chat Cs, con cuc dai & viing song ngan véi tap chat Ag.
Déc trung pho kéo dai vé phia bwdc song l6n:
_ Bién quang dién A, 1&n hon 12000-14000A° (4, =0.87+1eV)
_ Cuec dai thtr nhat(\ ma=3500A°):y =0.01, Stp =2mA/Watt, da I6n.
_ Cuec dai thtr 2 (Amax =8000+-8500A° ) d6 nhay ph6 trong ving hdng ngoai (loai
cathode phét xa duy nhat cé d6 nhay I6n trong vung hong ngoai.
Mat d6 dong nhiét ¢n 102 + 10 A/em? (& nhiét do phong)
b. Photocathode Cs;Sb
Do sy pha vé hop thirc ciia mang béi sy xuét hién nguyén tir thira Sh. Bdc trung
pho:
_ Budc séng bién quang dién A =6200+7000A° (®, =1.7+2eV) :nh& sy phét xa tir
mtkc tap chat aceptor
_Tai mién cuc dai (Amax =4200+4500A°): y rat I6n (0.25+0.3),, dd nhay tich phan dat
khoang 60+100mA/Waitt, do dv phat xa quang dién t&r & vung hoatri.
Mat d6 dong nhiét twong d6i nhd 10*° +10™ A/cm?
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B. NG DUNG HIEN TUONG PHAT
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. Pin nang lwvgng mat troi:

Pin nang lvong mat troi (hay pin quang dién, té bao quang dién), la thiét bi ban dan

chita lvgng I6n céc diod p-n, dudi sv hién dién cla anh sang mat troi c6 kha nang tao ra

dong dién s dung duoc. Sw chuyén doi nay goi lahiéu (ng quang dién.

Céc pin nang lvgng mat troi ¢d nhiéu (’ng dung. Chang dac biét thich hop cho cac v ung

ma dién nang trong mang lu¢i chua veeon tgi, cac vé tinh quay xung quanh quy dao trd

dat, may tinh cam tay, cac may dién thoai cam tay tlr xa, thiét bi bom nuéc... Pin nang

lvong mat troi (tao thanh cac module hay cac tdm nang lvong mat tréi) xuat hién trén néc

céc toanhanoi ching co thé két ndi voi bd chuyén doi clia mang lwgi dién.
Lich str

Hiéu ng quang dién duoc phat hién dau tién nam 1839 bdi nha vat ly Phap Alexandre

Edmond Becquerel . Tuy nhién cho dén 1883 mot pin nang lugng méi duoc tao thanh, boi

Charles Fritts, 6ng pht 1én mach ban dan selen mot I6p cwc mong vang dé tao nén mach

nGi. Thiét bi chi c6 hiéu suat 1%, Russell Ohl xem la nguwdi tao ra pin nang lwgng mét troi

dau tién ndam 1946. Sven Ason Berglund da cé phuong phap lién quan dén viéc tang kha

nang cdm nhan anh sang cta pin.

1. Pin mat troi dwa trén cong nghé

Silicon:

a. Néntang

: Prad P
@ AL o O v @ ’ Dé tim hiéu vé pin mat trdi, thi cdn mot it
. . . . ly thuyét nén tang vé vat Iy chét ban dan.

Dé don gian, miéu ta sau day chi gi¢i han

hoat ddng clia mot pin nang luong tinh thé silic.
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Silic thudc nhém 1V, tirc 1a cd 4 electron 1ép ngoai cung. Silic ¢d thé két hop voi silicon
khac dé tao nén chét ran. Co ban co6 2 loai chit ran silicon, da thu hinh (khéng co trat tuw
sip xép) vatinh thé (cac nguyeén tir sip xép theo thr tw d &y khong gian 3 chiéu). Pin ning

lvgng mat trei phd bién nhat d ing da tinh thé silicon.

Silic 1a chédt ban dan. Tic 1athé ran silic, tai mot tdng nang lwong nhét dinh, electron ¢
thé dat dwoc, va mot s6 tang nang lwgng khac thi khong dwoc. Cac tang nang lwong
khong dugc phép nay xem latang trong. Ly thuyét nay can ct theo thuyét co hoc lvong

te.

O nhiét d6 phong, Silic nguyén chat co tinh dan dién kém. Trong co hoc lugng t, giai

thich that t€ tai mirc ndng lvong Fermi trong tang tréng. DE tao ra silic ¢ tinh dan dién

tot hon, cé thé thém vao mot lwvgng nhd cac nguyén tir nhom 111 hay V trong bang tuan

hoan héa hoc. Céc nguyén tr nay chiém vi tri clia nguyén ti silic trong mang tinh thé, va

lién két véi cac nguyén ti silic bén canh twong ty nhu 1a mét silic. Tuy nhién céac phan tlr
nhoém [11 ¢ 3 electron ngoai cung va nguyén t & nhom V ¢6 5 electron ngoai cung, vi thé
nén co chod trong mang tinh thé c6 dw electron con cé chd thi thiéu electron. Vi thé cac
electron thira hay thiéu electron (goi 1a 16 tréng) khdng tham gia vao céc két ndi mang
tinh thé. Chang c6 thé tw do di chuyén trong khdi tinh thé. Silic két hop v&i nguy én ti
nhom 111 (nhém hay gali) dwoc goi 1a loai ban dan p bdi vi ning lveng chi yéu mang

dién tich dwong (positive), trong khi phan két hgp véi cac nguyén tir nhom V (ph6t pho,
asen) goi labéan dan n vi mang nang lveng am (negative). Luu y rang ca hai loai n vap co
ning luong trung hoa, tire 1a chiing ¢6 ciing ndng luong dwong va am, loai ban dan n, loai

am co thé di chuyén xung quanh, tuvong tw ngwoc lai véi loai p.
b. Vatliéu va hiéu suat

Nhiéu loai vat liéu khac nhau dwoc thir nghiém cho pin mat troi. V a hai tiéu chuan, hiéu

suat vagiaca.



Théc mé&c xin lién hé: thanhlam1910_2006@yahoo.com

Hiéu suat lati so cla nang lwong dién tir anh sang mat troi. V ao budi triva mot ngay troi
trong, anh mat tri téa nhiét khodng 1000 W/m2. trong dé 10% hiéu sudt clia 1 module 1
m2 cung cap nang lvong khoang 100 W. hiéu suét cla pin mat troi thay di tlr 6% tlr pin
mat troi 1am tir silic khong thu hinh, va cé thé 1én dén 30% hay cao hon nira, st dung pin

c6 nhiéu mdi ndi nghién ctru trong phong thi nghiém.

C6 nhiéu cach dé noi dén gia ca clia hé thong tao dién, latinh todn cu thé trén tirng kilo
Watt gio (kWh). Hiéu sudt clia pin mat troi két hop voi sy bic xa la 1 yéu td quyét dinh
trong gia thanh. Néi chung hi éu suat clia toan hé thdng la tdm quan trong clia né. DE tao
nén (rng dung thuc su cla pin tich hgp nang | wong, dién nang tao nén ndi véi mang ludi
dién st dung inverter; trong cac phuong tién di chuyén, hé théng &c quy st dung dé luu
trr nguon nang lwong khdéng st dung hién tai. Cac pin nang | vong thwong mai va hé
thong cong nghé c6 hiéu suat tir 5% dén 15%. Gia cla dién tir 50 Eurocent/kWh ( Trung

Au) xudng t6i 25 eurocent/kWh trong v ting c6 anh mat troi nhiéu.

Cho t&i hién tai thi vat liéu chi yéu cho pin mat troi (va cho céc thiét bi ban dan) la cac
silic tinh thé. Pin mét troi tir tinh thé silic chia ra th anh 3 loai:

« MO0t tinh thé hay don tinh thé module san xuét dwva trén qué trinh Czochralski. Bon

tinh thé loai nay c6 hiéu suét t¢i 16%. Chung thuwdng rat mac tién do dwoc cat tir
céc thoi hinh 6ng, cac tdm don thé nay co cac mat tréng & géc ndi cac module.

« Datinh thé lam tlr céc thoi dic-duc tir silic nung chay can than dwgc lam ngudi va
lam ran. Céc pin nay thudng ré hon cac don tinh thé, tuy nhién hiéu sut kém hon.
Tuy nhién ching c6 thé tao thanh céc tdm vuong che phu bé mat nhiéu hon don
tinh thé bu lai cho hiéu suét thap ctano.

« Dai silic tao tir cAc miéng phim méng tlr silic ndng chay va cé cau tric da tinh thé,
Loai nay thwong cé hiéu suat thap nhat, tuy nhién loai nay ré nhat trong cac loai vi

khong can phai cat tir thoi silicon.
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Cong nghé trén la san sudt tdm, ndi cach khac, cac loai trén c6 do day 300 um tao thanh

vaxeép lai dé tao nén module.
c. Su chuyén doi anh sang

Khi mot photon cham vao manh silic, mét

Anti-Reflective
Coating,

Front Contact ?4: trong hai diéu sau sé xay ra:

= Photon truyén truc

The Solar Cell

Sandwich

N-type silicon has free

geect;.mlws_ P-ty;ie si:)ic:on I'lﬁsr D.\,\ \ h \ >
& holes — the absence o

electrons. When N-type and P-type {P':st?tli.\?e: Ieu nay t U’O’ng Xay ra

silicon come into contact, an Silicon

electric field forms within the cell. Back Contact khl néng Iu;o,ng ija

Ntype xuyén gua manh silic.
Coheon

photon thdp hon nang lvgng du dé dua cac hat eectron 1én mic
nang lvgng cao hon.
* Nang lvgng clia photon dwoc hap thu béi silic. Biéu nay thuong xay ra khi nang
lwvgng cua photon [6n hon nang lvong dé duwa electron 1én mic nang lvong cao
hon.

Khi photon dugc hap thu, nang lvgng cla né dugc truyén dén cac hat electron trong
mang tinh thé. Thong thuong céc electron nay I6p ngoai cuing, va thwong duoc két dinh
vOi cac nguyén tlr 1an can vi thé khong thé di chuyén xa. Khi electron d woc kich thich, tré
thanh dan dién, cac electron nay c6 thé tw do di chuyén trong ban dan. Khi d6 nguyén ti
s thiéu 1 electron va do goi 1a"16 tréng". L6 tréng nay tao diéu kién cho cac electron cua
nguyén tir bén canh di chuyén dén dién vao "16 tréng", va diéu nay tao ra 16 tréng cho
nguyén t&r 1an can c6 "16 tréng". C& tiép tuc nhw vay "16 tréng" di chuyén xuyén sudt
mach ban dan.

Mot photon chi can c6 nang luwong lén hon nang lugng di dé kich thich electron I16p
ngodi cung dan dién. Tuy nhién, nhiét do clia mat troi thuvong twong duong 6000°K, Vi

thé nén phan 16n nang lvong mat troi déu dwgc hap thu béi silic. Tuy nhién hau hét nang
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lwgng mat troi chuyén doi thanh nang lvong nhiét nhiéu hon la nang lvong dién s dung
duoc.

2. Pin mat troi thudc nhudm:

Trong thoi budi kinh té khé khan hién nay chi phi cho nang lwgng trong doé la dién anh
hwdng dén chi phi ctia san xuét cling nhw d6i vai cudc sdng clia moi ngwdi. Dién lyc van
tiép tuc hdm he doi tang gia véi ly do bi 16 trong khi lai yéu cau trich 1000 ti dé lam quy
khen thudng cho NV trong nganh. Do dé nhu cau tim kiém mét nguon nang lvong thay
thé da phat sinh trong moi chiing ta. Pin mét troi & mot gidi phap moi ngudi thuong nhic
dén nhung vai gia thanh hién tai thi van con |a sy xa si (nghe dau phai st dung nhitng
hon 20 nam moi khau triv hét chi phi).
Nam 1991, gido sv hdéa hoc Michael Grétzel tai Ecole Polytechnique Fédérale in
Lausanne, Switzerland nghién clru vé sy quang hop nhan tao (Artificial photosynthesis),
ong phat minh ra mot kiéu solar cell méi. N6 sir dung mot thuéc nhudém chira ruthenium
hoat dong giong nhu chlorophyll trong 14 cay dé hap thu anh sang va giai phéng electron.
Céc electron duoc thu bdi mdt mang film bang Titanium dioxide (TiO2) va sinh ra dong
dién. Tl d6 cac nha san xuft ché mot loai cell goi |a dye solar cell vai chi phi chi bang
1/10 so véi cong nghé silicon. Dye solar cell ¢6 thé duoc in trén cac tam film polymer

hodc trén cac tam kiéng dan dién (conductive glass).

Nguyén ly hoat dong

,.4' o e Cau tao cua cell bao gom:1 lop
<4 b ~ , v - s R x =A
v v _ _ kinh hoac film c6 thé dan dién
% —/ P (1) Electrons of dye are exited by solar energy adsorption
v (FTO: fluorine doped tin oxide
m 2) Electrons transfer from dye to FTO via TiO:
) Electrons get to counter electrode after working at f||m/C0ndUCt|V€ glaS) t ep theo
r Iy’ v external load < ., . B . R
U Y12l +e— 321 atcounter electrode la |0p TIOZ’ IO’p chat nhUQm
Y anr—ims v atdye dye (chtra ruthenium), I6p chét
I8 ' dién phan (iodide/triiodide),
(OTiO,  electrolyte [ | FTO/glass

°’ Dye ® electron ] ptiglass(counter electrode)
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mdt 16p goi 1a counter electrode bang bach kim Pt hodt graphite, va

|6p cudi cung cling la FTO/glass

- Khi anh sang chiéu vao electron & 16p nhudém
dye dugc giai phong.
- Electron dwoc TiO2 hép thu vachuyén vao |6p
Kinh/FTO

«uae - Electron s& chay qua tai tao thanh dong dién
va tr& vé I6p counter electrode
- Tai counter electrode xay ra qua trinh trao doi

electron clia chat dién phan

I, Kinh hién vi phét xa electron quang dién:

PEEM slr dung mirc do phét xa clra cac dién tl trén mot vung nao dé dé tao ra su tuvong
phan clia birc &nh. Trong may PEEM, ngu ¢i ta thuong st dung nguon tia UV hoac latia

X d€ kich thich céc e phét xa. PEEM do bang cach thu gom céc dién tir phat xa thir cip
1. Luoc sir:

Vao nam 1933, Bruche cong bd blc anh cla catot dwoc kich thich phét xa quang dién ti
bang tia UV. 2 ddng sw 1a H.Mahl va J.Pohl.Bruche d& phéc thao lai cd may . Va may

ctia Bruche vao nam 1933 dwgc xem la may PEEM dau tién.
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.

Co ché lam viéc cia PEEM dua vao hiéu ring quang dién
ngodi. Khi ta chiéu tia UV hodc tia X vao bé mat vat chat,
Céc dién tr & cac |6p sau bén trong bi kich thich vachuyén
|én cac mikc trén dé lai [op dudi mot 16 tréng, do xudt hién
16 tréng nén cac dién tir & 16p cao hon nhay xudng chiém
chd, nang lvong chuyén mirc cha dién tr ndy khéng bi birc
Xa ra ngoai ma dwoc nhuong cho cac dién tir & cung phéan
|6p.NEu cac dién t&r nay du nang luong sé thodt ra khoi bé
mat mau. Qué trinh dé goi 1a quéa trinh Auger, thi cac dong
dién t&r phat ra cé nang lvong thap. Mot sO dién tlr co du
ning lwvong dé dam xuyén qua b& méit mau va di vao ving
chan khéng cla Peem du@i cac nang lvgng khac nhau.

Chum dién tr thodt ra ndy sé duoc giatéc nho hé thau kinh

dién tir tredc khi dén may thu, nho s gia tdc ndy ma cac hinh anh vé mau dwoc phong

dai Ién ca ngan lan.

2. He thong thau kinh (Condenser,

Obijective, Projector

Lens):

— Cac thaé kinh duag trong PEEM laecac thaé kinh hoa¥ foing di &
tred tac Foing cuia ti dri 6mg Foavoi chuyea
foing cua chum electron hay cog got lag
thaé kinh ti gvagfea lagthad kinh hoi tur

Thaé Kinh ti gcol ca@ ta® bao goim moti
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cuoi da§ foing quaa bea trong mot hop kim loatthuai ti g6igii & coikhoet raéih nhaen

mu€ fiich ta® ra cac i 6&g st ¢ ti @oudang uoa cong nhi hinh bea.

Vi si Tphaé boécu@a cac fi 6ag sb € ti enhi hinh treé electron sed

chau tac dumg cuia Ii € Lorenx:

. F=e(VxH)
ource of
electrons

Vi ; chietr cu@a i € i 0€ moatainhi hinh
Axis
dO ot Electron Focal
’.I'E!ECIOI‘}' /;‘]U;_I'Il
Keé B : quai lagchugn electron sedi 6€ hoi tut
pper windings e
tatr tied died cuia thaa kinh

Iron shroud

Magnetic
lens field

Sau raf ta sedkhao sat vai trogvaechi © na@g cui ti g loarthaa kinh trong c 6 cheavain

hagh cua PEEM.
He thau kinh khuech faii:

Heékhueéh farbao goi cac loarthaé kinh: vai kinh (Objective Lens), thaéa kinh trung

gian (Intermediate Lens) vagthaa kinh

. [} B v v - B [ N 5 [=T 158 : B« SR OFe2ky i
phoing ainh (Projector Lens). Trong foy  deu= ° ; i| - - i
. kL e s - . ' e L |
vai kinh quyeé finh fodphaa giai vaaod ' p‘] l:]r'-lgl L—#‘i i F: ﬁ
ti 6ng phah cu@ ahh, cac thaé kinh cog ,l!\’“""-' T . I i
."Ié__h 1 é*% &4‘.11.}:} ¥ l:':._—l |
._'I T | I i) - 3 I : | j‘_
Tangle  OFnEve | |neeredale i ﬁ:-.:ll | £ P rad-
[P Cadi | Hair

Al e I e riat

[ EEY [l R
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la¥ foing vai trokhueéh FaT fedhuai 10T cho viet quan sat vaayhi ahh.
Vat kinh (Objective Lens):

Trong cac loatthaa kinh, vai kinh coutieé ci ingaé nhaévagoikhainaég khueéh fart) g

20X rea 50X .

I polepiecas

AU seal

wialer / H

cooling M

Thoag thi 6mg mail vat fi 0€ raé ngay tai tied diein vat cul thaé kinh feédtad ra ahh
khueéh faT, beé carh foichue tia A ra khoi vat kinh gai nhi song song sedae giaim
quang sai cu@ aihh. Cudg nhi thaé kinh coitieé ci Thgaé redlam giaim hien ti 01ig saé
sai (Chromatic abberation) vagcaé sai (Spherical abberation). Do cac loar maiu vai
fi 0€ che&a@ coibeaday raéinhoi(fedlectron coithedruyea qua i 6€) nea dan Ffea hien
ti 6Wg nhied xaThinh thagh tai'tieé diein ahh cu@a vat kinh (ta sefbag fea hiei ti g
nag chi tiedhdn trong phaa ta® anh).

Nbébeda di 6i vai kinh lagkhaé Foivat kinh voi nhiein vuiloa¥boinhi ég electron coigok
tan xamon sau khi fi qua mail. Neé& khoag coikhaé i nhi éig electron col got tain xar

l6in sedtaic foing led ainh vada® ra ahh nea bonhoagVoi viet i a vag khaé oj ainh thu

RN

0€ sedcol fodti 6ng phain cao hon, nhi ég vuag nag cua mail tan xarelectron nhiew
hon thi sedtoahon. Thoag thi 6ag khaé foic oifi 6ag kinh ~25-75um, coldamg Foaxi ing
trog gai nhi hoas haio vaa’i 0€ git Gsath mot cach heéis ¢ caa thain. N 6ag kinh cuia

khaé fpicamg nholthi fpiti dng phah cu@ ainh camg cao. Tuy nhiea neé i 6ag kinh quai
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nhoithi ngay ria cuia khaé fbisedobaé phaibdi chuen electron, lam cho vugag ria trong
cuia khaé roibotich fien vaado fbilam nhieil loas quda® cua electron dah fea giam
chaéli 6mg anh.

Thau kinh trung gian:

Thaé kinh trung gian duag fedkhue&h i ainh ta® boi vat kinh. Colhai cach si idumg,
cach thi inhaéneé feé ainh ta® bdi vat kinh ngay tat'tiea diein vat cua thaé kinh trung
gian thi ta sedhu fi 6€ aihh khueéh fai. Cach thi thai nea ta fa&sao cho tiea diei aih h

cu@d vat kinh trugg voi tiea diei vai cua thaé kinh trung gian thi ta sedthu fi 6€ ainh

nhiedl xalkhueéah rt

Specimen

Specimen

Objective SR
lens < =g

Objective [
lens d‘ -

_ﬂ_.lf.’.._ Back focal plane

Intermediate CL .

|

I

i
lens I
|

Intermediate
lens C\ \
Focal length: 145

/;"".
Ch e

T
Second image N
Choose

Back focal plane

Diffractign pattern

Image

Thau kinh phong anh (Projector Lens):

Baag caich thay fpdtied ci fcua thaé kinh phoing ainh vagac thaé kinh trung gian, ahh
cuia mail vai coithe&fi 6€ khueéh fai 't chamg traén cho fea haag chu€ ngag lai. Adh

nag sed 0€ ghi lat'trea film, mag hinh phat quang hoaé CCD

3. Nqguyen ly tao anh:

Nbiphaa giai (Resolution) trea ainh cua PEEM phuithuoi chuiyeé vag fpiti ong phai

(contrast) chi lkhoag phai naég suaéphaa li (Resolving power) nhi trong kinh hiea vi
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thodég thi 6mg. Trong Foifodti 6ng phain F 6€ quyeé finh bdi s 1t 6ng tac gii @ maiu vag
chum electron. Nbiti 6ng phain i 6€ finh nghd lagsi Tkhac biet ci 6ag foit) 6ng Foa
gii & fiedn aihh vagung quanh nol

n (g1
%To 6ng phain = |°I—b|100%

b

lo: Ci 6mg foicula Fiedn aihh Fang khab sat

l,: Ci 6;g foicua phoag nen laa can fieén ainh
T6ong phan Bien fiol (Amplitude Contrast):
Si iphaa boéh 6 g Foitain xatheo goc phutthuok vag mat foikhodli 61g tat moi fieén
tred mail, fiedn nag colmai fpikhoali 6Tg 10 sedhét xatklectron digoc moildn. Do ol
cac electron fea nhi @g fieén nay sedokhaé fbichaé lai mot phaa, dan fea ci 6ag i
tred ahh cu@a nhi @g fieén nhi vay thag. Ngi 6€ laT fieén nag col mat fpikhoa li 0g

thag sedan xachum electron 6igoc moéinhoivaalo vay coufpisang trea ainh cao.

Neéfiedr chenh foiti 6ng phaih Bieé fpita coitheddumg hai cach: 1 -Niedr chznh thedgia
to& chum electron. 2- Niedr chenh kich thi 6 cuia khaé Foi Nedaég Foiti 6ng phain thi ta
coithedgiaim thedyia toé vaghu hep kich thi 6ic cuia khaé g, tuy nhiea neé giaim thedia
toé quainhoiseddan Fed hien th 61g quang sai (cuthedagaé sai -Chromatic Aberration)
lan giaim foiphaa giai cua ainh. Khi kich thi ¢ cua khaé foigiaim sedhasi cheéfi 6¢
hiein ti 6Mg cad sai, foing thé@chad bot cac electron tan xaiigoc moiloin dan Fea lam
ta@g Foiti 6ng phain, tuy nhiea neé giaim kich thi 6 khaé fpixuoag quainhoi(< 20 um)
thi hiein ti 0Wg nhieil xasedxuaé hien, bea carh foisi Thhiein fien tai'ria cuia k haé roi
cudg laen nhiedl loan quo M® cu@ electron vagkeé quailadae giaim foiphaa giai cua

ahh.
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T6ong phan Pha:

Si itan xatcuia electron colthed 6€ mo&ainhi lagsi Thhieis xaicu@a soing electron. Nea
st Igiao thoa cu@ cac soing nhiei xaita® ra si thay foéch 6mg Foikhat nhau trea ainh thi
i 0€ got lad) 6ng phain Pha. Ti 6ng phain Pha treé ainh cua PEEM i 6¢€ ta® ra laglo si T
giao thoa cu@ chum electron botain xaivdi chuen electron khoég botan xar Nea a inh
cu@ mail sau khi qua vat kinh i 6€ hi ing tar votri ta® aihh (tinh toan ti 6ng ti Thhi thaa
kinh quang) thi ta sedthu i 0€ ainh thoag thi 6ag, ngha lagkhoag coihied ti 61g nhieil
xa¥ Tuy nhiea nea ta hi ing ahh tarvotri lagieé& di e ainh cu@a vat kinh thi do tarvotri
nay cac chum tia tan xasedyiao thoa voi nhau vaga® nea anh nhieil xarDo vay nea ta
faéthaa kinh trung gian sao cho ainh cua mail qua vat kinh naen ngay tat'tiea diein vat
cu@a thaé kinh trung gian thi ta se@hu fi 6€ ahh khueéh Fatthoag thi 6ag, coa nea ta boa
tri sao cho tieé diei vat cuia thaa kinh trung gian trugg voi tieé diei ainh cu@a vat kinh
thi ta se@hu i 6€ anh nhiei xaikhueéh faT. Si Wiao thoa gii & caic chum soing electron
sedam xuaé hiei cac vaa giao thoa vadaég ci 6ag fpénet tar cac biea cua mail (biea

hinh thagh do si thay foa bt ngot vearbiday, mat roikhoali 01g ).
4. Ungdung:
Khi khao sat mdt mau nao do, mau nay sé duoc dat tai tiéu dién vat ciavat kinh.
a. Khao sat dia hinh clia bé mat:

Khi chiéu chim tia thich hop vao bé mit mau( thuong sir dung chim tia X). Theo hién
twong quang dién ngoai, cac dién ttr s8 bi kich thich phat xa ra ngoai. Do dia hinh bé mat
mau khéc nhau nén & nhitng noi dia hinh 18i, goc phét xa s& rong va chum dién ti & bi

chan bét, do do6 sé cho viing anh ti hon so

v@i xung quanh. Nguoc lai, voi nhitng vung j O 5

Electron trajectories
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|6m, chum dién tl phat xa s& tu lai, do d6 cac dién ti di qua khau do nhiéu hon nén

cwdng dd 16n hon. Ung dung nay duoc thé hién & hinh bén.

b. Xé&c dinh cac chat(vat liéu dan dién ) cé trong mau:

M@i chdt nhat dinh co6 mdt cuc dai phét xa dién tur riéng d6i voi hién twong quang dién

ngoai. Pho phét xa dién tir clia mdt sO chat dwgc thé hién & hinh bén

Intensity (a.u)
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Nguoi ta kh&o sét trong mau co nhirng chit ndo bang cach chiu vao mau chum tia cé
budc séng thay dbi tlr ving hong ngoai tia X. Khi dén cuc dai phat xa dién tlr cla chat
nao, thi chat dé sé phat xa dién ti manh. Két qua la cho 4nh sang manh hon nhi*rng vung
lan can. Nhu vay, khéng nhitng nguoi ta xac dinh dwgc chat dé la gi dwa vao dinh phét xa

dién t&r manh ma con xac dinh duvoc sy phan b6 clia chét dé trén bé mit mau.
Hinh bén & do tvong phan tng véi Mn* , Mn** vaFe®.

c. Xé&c dinh s dinh huéng Mémen tir trén bé mit mau:.
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Pé xé4c dinh s dinh hwdng Mémen tir trén bé midt miu, ngudi ta chiéu tia X phan cuc
tron(XMCD) hoéc anh sdnh phan cuc thing(XMLD) vao mau. Tia dd phan cuc clatia X
S8 twong tac voi cac dién tlr da co dinh hwéng momen tir riéng. Do si tvong tac nay, nén
tng véi moi sy dinh
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