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Trong thoi dai ngay nay, voi toc do phdt trién nhanh chéng cia cdc
nganh céng nghiép hién dai nhu: 016, co khi, dong luc,.... thi nganh dién tir
ciing dong mot vai tro rat quan trong. Nganh dién nr da xam nhdp vao cugc
séng con nguoi khd sém, tie nhitg thiét bi don gian nhu: den chiéu sdng, quang
bao, hé rh(fng twe dong, radio,.... dén nhiing mdy méc phiec tap va vmg dung cong
nghé cao nhuw: hé thong truyén dan quang, hé thong rada, hé thong camera,
robot,.... Tat ca déu duoc ung dung rgng rdi trong cuoc sé:ng, Trong cdc thiét by
dién tir néi trén thuong khong thé thiéu cdc linh kién quang dién tir nhw LED,
LCD, quang tré, linh kién thu phdt quang, hong ngoai va laser.

Khoa Céng Nghé Pién Tir truéng Pai Hoc Céng Nghiép TP. Ho Chi
Minh da dwa vao giang day mon hoc “Quang Dién Tu” cho cdc hé tir Cao Ddng
dén Pai Hoc chuyén nganh vién thénng, dién céng nghiép va tw dong tir nam
2005 dén nay.

Gido trinh “Quang Di¢n Tw” dwoc trinh bay trong 8 chuong, cung cci}? cho
sinh vién nhiing kién thite co ban vé khdi niém, ban chat dnh sang, linh kién bdn
dan, linh kién thu phdt quang dién tir, trong do ddc biét la sdch trinh bay khd chi
tiét vé cdc hé thong ghép kénh quang, khuéch dai quang va cudi cing la laser.

Cdc tdc gia xin to long cam on toi: ThS. Bii Thu Cao, Pham Ngoc Diing,
Ha Van Kha Ly da giiip do hoan thanh ban thao.

Tuy rdt cé géng, song khéng trdnh khoi nhitmg thiéu sét, tdc gia rat mong
nhdn duoc ¥ kién dong gop ciia ban doc.

Nhom Tdc Gia



Chuong 1: Cdc kién thirc co ban

Chuong 1
CAC KIEN THUC CO BAN

1.1. Anh sing
1.1.1. Tinh chit vit 1§ ciia 4nh sing

Bing phuong phdp todn hoc, Macxoen da chirng minh rang dién tir truomg do
mét dién tich diém dao dong theo phuong thang dirng tar mot diém sinh ra sé€ lan
truyén trong khdng gian dudi dang song. Song dé dugc goi la séng dién tir.

Ngudi ta néi rang dién tich dao dong da birc xa ra song dién ur. Néu xét theo
mot phuong truyén Ox, séng di¢n tlr 12 séng ngang c6 thanh phan dién dao dong theo
phuong thing dimg va thanh phén tir dao dong theo phuong nim ngang.

Hinh 1.1. Séng dién tir lan truyén trong khong gian

Tén sé song dién tir béng tin s6 fcua dién tich dao dong va van téc cia né trong
chan khong bing van téc 4nh sdng trong chin khong.

Ning lugng cia séng dién tir ti 16 voi luy thira bac 4 cia tan sb.

Ngay nay, ngudi ta di bret rang séng dién tir c6 day da cic tinh chit nhu séng co
hoc, nhung séng co hoc, truyen di trong nhirng mdi truong dan héi, con séng dién tir
thi trr né truyen di ma khdng cin nho dén sy bién dang clia mdt méi truomg dan hoi
ndo ca, vi vay n6 truyén duoc ca trong chin khong.

Anh  séng kha kién dung dé chi céc bic xa dién tir ¢6 budc séng nim trong viing
quang phé nhin thiy dugc bing mit thudmg (tirc 1a tir khoing 400 nm dén 700 nm).

"Anh séng lanh" 12 4nh séng c6 budc song tdp trung gan ving quang phé tim.
"Anh sdng néng" 12 4nh sdng c6 budc séng ndm gan viing do.

Anh sing c6 quang phd trai déu tir 4o dén tim 12 4nh sdng tring, dnh sdng cd
budc séng tap trung tai viing quang phé rit hep goi la "4nh sdng don sic".
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Hinh 1.2. Phan logi S6ng dién tir
. Anh séng ty nhién hoic 4nh sing nhin thiy dugc chiém mét phan rét nho trong
phd séng dién tir.
1.1:2. Buérc séng va miu sic 4nh sing

Bo bude séng cua nhirng 4nh sang don séc khac nhau bﬁng phuong phap glau
thisa,’ ngl.rm ta thﬁ:,r mdi 4nh séng don sic ¢6 mdt bude séng hodn toin xéc dinh. Ching

han: -
@ ‘Mfth'sing mAu d6 & diu cia dai miu lién tyc cé bude séng: 0.760 pm.

. Anh{séng mau tim & cudi ciia dai mau lién tuc c6 budc séng: 0.400 pm
e dug
séng vang do d2n hoi natri pht ra ¢6 buéc séng: 0.589 um,



Chuong 1: Cdc kién thirc co bdn

Nhu vdy, dnh sidng don sﬁc la 4nh sang c6 mdt budc séng xdc dinh. Mau g
v6i dnh séng d6 goi 1a mau don séc hay mau quang phé.

Thyc ra, nhitng 4nh sdng don sic c6 budce séng lin can nhau thi gin nhu c6
cﬁng m@t mau. Vi vdy, ngudi ta da phan dinh ra trong quang phd lién tuc nhimg ving
mau khic nhau:

* Ving d6 c6 budc séng tir: 0,64 pum => 0.76 pm

* Ving da cam va vang c6 budc séng tir: 0,580 pm > 0.640 um (Ving da cam
va Vang vang)

* Vung luc ¢6 budc s6ng tir: 0,495 pm -> 0.580 um

® Vung lam - cham c6 budc séng tir: 0,440 um > 0.495 um
(Vung lam - cham)

¢ Ving tim ¢6 budc s6ng tir: 0,400 um - 0.440 pm

Ngoai cic mau don séc, con c6 cic mau khong don sic, 12 hdn hop cia nhidu
mau don sic véi nhirng ti 16 khic nhau.
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Hinh 1.3. mau sdc va buéc séng ciia dnh sdng

1. Tia hong ngoai

Tia héng ngoai 13 nhirng birc xa khéng nhin thiy dugc c6 budc séng 16n hon
budc séng ciia 4nh sang do: 0.75 pm. Tia hdng ngoai c6 ban chét 1a song dién tir. Tia
héng ngoai do cdc vit bj nung néng phét ra.

Vit ¢6 nhiét do thip chi phat ra duge cic tia héng ngoai. Ching han nhu thin
thé ngudi & nhiét 4§ 37° C chi pht ra céc tia héng ngoai trong d6 manh nhét 12 c4c tia
c6 budc séng & viing: 9 um.
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_+ Vat c6 nhi¢t ) 500° C bit dau phdt ra 4nh sang mau d6 i nhung manh nhat
van 12 cdc tia hong ngoai & vung budce séng 3.7 pm

Trong 4nh séng mit troi, khoang 50% ning lugng ciia chim séng thude vé cic
tia héng ngoai. Ngudn phit tia hdng ngoai thuong diing 12 cdc béng dén c6 diy téc
bing vonfram néng séng céng suit tir 250W dén 1000W. Nhiét do day téc béng dén
d6 vao khoang 2000° C.

Téac dung ndi bat nhét cia tia hf'mg ngoai la téc dung nhiét. Ngoai ra, tia hf'mg
ngoai cling ¢6 tac dung 1én médt loai kinh anh dic biét go1 1a kinh anh hnng ngoai. Neu
chup anh cac dam mﬁy bang kinh anh héng ngoai thi anh cdc ddm may s& ndi 1én rit rd
rét. D6 12 cdc ddm may chira hoi nudc it hay nhiéu s& hép thu céc tia hdng ngoai yéu
hay manh rét khéc nhau.

Ung dung quan trong nhat cha cic tia hung ngoai la ding dé say hoic sudi. Trong
cong nghiép, ngudi ta ding tia héng ngoai dé say kho cac san phim son (nhur vo 6t8, vo ti
lanh v.v...) hoidc cdc hoa qua nhu chudi, nho v.v... Trong y hoc, ngudi ta ding d2n hong
ngoai dé sudi 4m ngoai da cho méu luu théng duge tét.

2. Tia tir ngoai

Tia tir ngoai 13 nhitng birc xa khéng nhin thiy dugc, c6 bude séng ngin hon
budc song cua anh sdng tim 0.40 pm.

Tia tlr ngoai c6 ban chat 1a s6ng dién .

Mat Troi 12 mdt ngudn phit tia tr ngoai rit manh. Khoang 9% céng suit cua
chum anh sdng mat troi thudge vé céc tia tr ngoai. Cac ho quang dién ciing 1a nhirng
nguon phét tia tr ngoai manh. Trong cdc bénh vién va phong thi nghiém, ngudi ta
ding cdc d&n thuy ngin 1am ngudn phit cic tia tir ngoai. Ngoai ra, nhirng vt nung
néng trén 3000° C ciling phat ra tia tir ngoai rat manh.

Tia ur ngoai bi thuy tinh, nudec v.v.. hap thu rit manh. Thach anh gan nhu
trong subt ddi vai c4c tia tir ngoai ¢6 budc Sl&ng ndm trong ving tir 0,18 pm = 0,4 um
(goi 12 viing tir ngoai gan).

Tia tir ngoai ¢6 tdc dung rit manh 18n kinh anh. N6 c6 thé 1am cho mét s chat
phét quang. N6 ¢6 tdc dung idn hod khong khi. Ngoai ra, né con ¢6 tic dung gay ra
m¢t sO phan img quang ho4, phan ing quang hgp v.v...

Tia tr ngoai c6 mot sb tic dung sinh hoc.

Trong cong nghi¢p, ngudi ta sir dung tia tir ngoai dé phét hién cdc vét nirt nho,
vét xudc trén bé mit cic sdn pham tién. Mubn vay, ngudi ta xoa trén bé mit san pham
mdt 16p bt phat quang rat min. Bt s& chui vao cic khe nut, vét xudc. Khi dua san
pham vao chiim tir ngoai, céc vét d6 sé& sing 1én.

Trong y hoc, ngudi ta ding tia tir ngoai dé chira bénh cdi xwong.
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3. TiaX

Nam 1895, nha ba{: hoc Rcm -ghen (Roentgen) ngudi Dic, nhin tha},' rﬁng khi
cho dong tia catdt trong ong tia catdt dap vio mot miéng kim loai ¢6 nguyén tr lugng
I6n nhu bach kim hodc vonfram thi tir 46 sé& phat ra mét buc xa khong nhin 1:ha:-,r ducrc
Birc xa nay di xuyén qua thanh thuy tinh ra ngoai va c6 thé 1am phit quang mdt sb
chit hoic 1am den phim anh. Ngudi ta goi birc xa nay 12 tia X.

Khi méi dugce phat hién, ngudi ta twdong 14m tia X 12 mét dong hat nao d6. Tuy
nhién, khi cho tia X di qua dién truong va tir trudng manh thi né khéng bj léch dudng.
Nhu vay, tia X khong mang di¢n. Tia X 12 mdt loai séng dién tir c¢6 budc song ngin
hon budc séng cua tia tr ngoai. Buéc séng cia tia X ndm trong khoang tir
10—12 5 10—8m (tia X mém).

Tia X c6 nhimng tinh chét va céng dung sau:

- Tinh chéit ndi bét cua tia X 12 kha n&ng dam xuyén N6 truyén qua dugc nhiing
vit chin sng thong thudng nhu gidy, bia, g6. N6 di qua kim loai khé khin hon.
Kim loai ¢6 khéi lugng riéng cang 1on thi kha néng can tia X cta n6 cang manh.
Chﬁng han, tia X xuyén qua dé dang mét tim nhom day vai cm, nhung lai bi 16p
chi day vai mm can lai. Vi vdy, chi dugc ding 1am céc man chin bao vc trong
k¥ thuit Ronghen.

- Nho kha niang dam xuyen manh ma tia X dugc ding trong y hoc de chiéu
di¢n, chup di¢n, trong cong nghiép dé do cédc 16 héng, khuyét tit nim bén
trong c&c san pham dic.

- Tia X ¢6 tc dung rdt manh lén kinh anh, nén né dugc diing dé chyp dién.

- Tia X ¢6 téc dung 1am phét quang mdt sb chit. Man huynh quang diing trong
viéc chiéu dién 12 man c6 phu mot 1op platinocyanua bary. Lép nay phit quang
mau xanh luc dudi tic dung cua tia X.

- Tia X c6 kha néng ion hod cic chit khi. Nguoi ta lgi dung dic diém nay dé 1am
cdc miy do liéu lugng tia X.

- Tia X ¢6 tac dyng sinh 1y. N6 ¢6 thé huy hoai té bao, giét vi khudn. Vi thé tia X
ding dé chira nhirng ung thu ndng, gan ngoai da.
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Hinh 1.4. Ung dung séng dién tic.

1.1.3. Céc hién twgng quang hinh hege

Anh sdng néi riéng, cic birc xa dién tir n6i chung dit & bit ky tin sb nao déu c6 téc
do truyén nhu nhau trong méi trudong chin khong: 299 792,5 km/s = 300 000 km/s.

Tuy nhién, & trong mdi truomg khéc tdc dé truyén anh sang sé thay dbi.
e MO6i trudmg chin khéng va khéng khi: 300 000 km/s
e M&bi trudng nudc: 225 000 km/s
® Thuy tinh: 200 000 km/s
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Chuong 1: Cdc kién thirc co ban

1. Hién twgmg khiic xa 4nh sing

1P Cour wn e CLP CaNNa Irse Conn CAN De &8 when
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Hinh 1.5. Hién twong khiic xa dnh sdng

Khiic xa thuomg ding dé chi hi¢n tugng anh sing d6i huéng khi di qua mit phan
céch giita hai méi trudmg c6 chiét suat khic nhau. M¢ rong ra, diy 1a hién tuong doi
huéng dudmg di cta bire xa dién tir, khi lan truyén trong méi truong khong ddng nhét.

2. Hién trgng tan sic

Hinh 1.6. Hién twgng tdn sdc

Anh sing tréng 1a tfmg hop cua rat nh:éu tia sdng, mdi tia sing tuong g véi
cic dj dai séng di¢n tir khic nhau va ¢6 mau sic khdc nhau. Tia sdng c6 séng. dién tu
ngin cang dé bj khic xa. Nhu véy c6 nghia 12 4nh sdng xanh dé bj khiic xa hon so véi
dnh sang do.

Lang kinh la mét dung cu quang hoc, sur dung dc khic xa, phan xa va tén xa
4nh sing sang cdc miu quang phé (nhu maiu sic cla cau vong). Lang kinh thudmg
dugc lam theo dang kim ty thap ding, ¢6 ddy 14 hinh tam gidc.

11
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Tia sing di tr mét méi trudng (nhu moi truomg khong khi) sang mdt moi
truomg khdc (nhu thuy tinh trong lang kinh), n6 s& bi chdm lai, va giong nhu két qua,
né s€ hodc bi cong (khiic xa) hodc bi phan xa hodic dong thoi xay ra ca hai hién tuong
trén. G6¢ ma tia sing hop véi truc thing géc tai diém ma tia sing di vao trong ling
kinh dugc goi 1a géc téi, va goc taora & déu bén kia, qua quai trinh khic xa dugc goi la
g6c 16. Tuong tur, tia sang di vao trong lang kinh dugc goi la tia to1 va tia sng di ra
ngoai lang kinh dugc goi la tia 16.

Céc lang kinh phan xa dugc sir dung dé phan xa 4nh séng, vi du nhu céc éng nhom,
nho hién tuong phan xa toan phén, chiing d& dang duoc sir dung hon cic guong. Cac lang
kinh t4n sic dugc sir dung dé chia 4nh sang thanh cic thanh phin quang phd mau, béi vi do
khiic xa cua chiing phy thugc vao budc séng cia tia sdng (hién tugng tin sﬁc] khi mt tia
séng trang di vao trong lang kinh, né c6 mét géc t6i x4c dinh, trdi qua qud trinh khic xa, va
phan xa bén trong lang kinh, din dén viéc tia sdng bj bé cong, hay gap khic, va vi vay,
mau sic cia tia sang 16 s& khic nhau. Anh sdng mau xanh ¢6 bude séng nho hon dnh séng
mau do6 va vi vdy né cong hon so véi 4nh sdng mau d6. Ciing c6 loai ldng kinh phén cyc,
né ¢6 thé chia 4nh séng thanh céc thanh phin phin cuc khéc nhau.

1.1.4. Ludng tinh séng hat cia anh siang
Nguyén tir gbm:
Hat nhan (dién tich + Z) gém:
e Proton (p), m, = 1,672. 10 kg, tich dién duong + 1,602. 10" C.
e Notron(n), m, = 1,675. 10" kg, khéng mang dién .
Hat nhén cua cdc nguyén t6 déu bén (trir cic nguyén té phéng xa).
Electron(e) ,m, = 9,1. 10! kg , tich dién am - 1,602. 10" C.
Trong bang hé théng tuin hoan (HTTH), s6 TT nguyén t6 = dién tich hat nhan = s e.
1. Hién twgng quang dién
Anh sdng 12 mét séng dién tir lan truyén trong chin khéng véi vén téc ¢ =
3.10%my/s, duge dic trung bing budce séng A hay tan sé dao déng v = c/A

Thuyét séng ctia dnh séng gidi thich dugc nhing hién tugng lién quan véi sy
truyén song nhu giao thoa va nhiéu xa nhung khong giai thich dugc nhitng dir kién
thuc nghiém vé sir hip thu va sy phit ra 4nh sang khi di qua méi trudmg vt chat.

Nam 1900, M.Planck dua ra gia thuyét: “ Nang lugng cla anh sang khong c6
tinh chat lién tuc ma bao gom tirng lugng riéng bi¢t nhé nhét goi 14 lugng tr. Mot
lwgng tr ciia dnh sdng (photon) ¢6 nidng lugng 1a E = hv

Trong d6
* E la ning lugng cia photon
e v:tinso buc xa
¢ h=6,626.10" Js - hing sé Planck.

12
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Nzm 1905, Einstein da dya vio thuyét lugng tir da giai thich thoa diang hi¢n
tugng quang dmnﬁién chat cia hién twong quang dién 12 cdc kim loai kiém trong
chan khéng Khi-dr;khi bi chiéu séng s& phat ra céc electron; nang lugng cua céc
e]ectmn d6 khdng phu thudc vao cudng d¢ cua dnh sing chiéu vio ma phu thudc vio
tin s6 4nh sang.

Einstein cho réng khi duge chiéu téi bé mit kim loai, moi 'phumn V@i nang
lwgng hv s& truyén ning luong cho kim loai. Mgt phan nang lugng E, dugc dung dé
lam bét electron ra khoi nguyén tr kim loai va phan con lai s€ trér thanh dong ning cua
electron.

I hv=E, +lrrr:*'r2
' 2

Nhirng birc Xa c¢6 tin sd bé hon tan s giéi han s& khong gy ra hién wong
quang dién.

Str dung cong thirc trén ta c6 thé tinh dugc vén tdc cia electron bét ra trong
hi¢n tugng quang dién.

2. M6 hinh nguyén tir Bohr

_Trong nguyén t, moi electron quay xung quanh nhéan chi theo nhitng quy dao
tron dong tam c6 ban kinh xéc dinh.

Mﬁi quy dao Ung v&i mdt mirc ndng lugng xdc dinh cua electron. Quy dao gan
nhin nhat ing véi mire ndng lugng thap nhat, quf dao cang xa nhin @ng voi mirc ning
lugng cang cao.

Khi e chuyén tir quy dao nay sang quy dao khéc thi xay ra sy hép thy hodc giai
phéng ning lugng. Khi e chuyén tir qui dao c6 mirc nang lugng thap sang mic nang
lzgng cao hon thi né hip thu néng lugng. Khi electron chuyén tir mot mirc ning lugng
cao sang muc ning lugng thap hon sé xay ra su phat xa ndng lugng. Ning lugng cua
birc xa hip thu hoic giai phéng 1a

ﬁE=El-—En=hv=h.-:':

Electron ton tai & cdc mirc ning lugng riéng biét trong mét nguyen tr. Cic
mirc ning lugng cé thé hiéu 1 twong ung voi cdc quy dao riéng biét cua electron
xung quanh hat nhan. Electron & bén ngoai s& ¢c6 mirc ning lugng cao hon nhirng
electron ¢ phia trong. Khi ¢6 sy tic dong vat 1y hay héa hoc tir bén ngoai, cdc hat
electron ndy ciing c6 thé nhay tir mirc ning lugng thip 1én mic ning lugng cao hay
nguge lai. Cic qud trinh nay c6 thé tao ra hay hédp thu cic photon. Tap hep céc
photon nay tao ra anh sang.

13
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1.7. Minh hoa twong trung 1 photon

Budc séng (mau sic) cla tia sang phu thudc vao su chénh léch ndng lugng giira
cac murc.
3. Luwdmg tinh song hat cia cic hat vi md
M6 hinh trén déu khéng giai thich dugc 1 sb vén dé thuc nghiém dat ra.
Nguyén nhén la do:
- Khéng dé cap dén tinh chét séng cua electron

- Do d6 coi qu¥ dao chuyén dong ctia electron trong nguyén tir 12 quy dao tron c6
ban kinh xdc dinh.

Nam 1924, nha vat 1y hoc ngudi Phép Louis De Broglie da dua ra gia thuyel
Moi hat vat chét chuyen dong déu c6 thé coi 1a qud trinh séng duge dic trung bang
budc séng | va tuin theo hé thirc

} . h
/L:—-—
— . mv

Trong do
e m - Khéi lugng cua hat, kg
* v - Vin téc chuyén dong ciia hat , m/s
e h- Hing s6 Planck, h = 6,63.10%" J.s
Déi véi hat vi mo: m kh4 16n (h = const) = A kh4 nhé -> tinh chit s6ng c6 thé
bo qua.
Déi véi hat vi md: m nhé (h = const) > A kha 16n -> khéng thé bo qua tinh
chét séng.

14



Chuong 1: Cdc kién thirc co bén

Vi du: Mot hat ¢6 khdi lugng m = 0,3 kg, vén téc chuyén dong V = 30m/s thi A cuia hat 137

Giai:
Ap dung hé thie Louis De Broglie
Jo
A= 66310 o 107 m
mv 0,3.30

A ctia hat v6 ciing nhé nén bo qua tinh chit séng cua hat.
4. Nguyén Iy bit dinh Heisenberg

Khéong thé xac dinh dong thoi chinh xdc ca toa dé va van tdc cua hat, do dé
khong thé vé& digc chinh x4c quy dao chuyén dong cia hat.

¥
AX. Avx > —
i

Day la hé thirc bat dinh Heisenberg
Trong do6:
* /ix D{ bét dinh (sai s6) vé toa dd theo phuong x
e /v, D0 bat dinh (sai s6) vé vin tdc theo phuong x

Néu X cimg nho thi /\v, cang lén, nghia do bat dinh vé toa do cang nho thi do

bt dinh ve van toc cang 1ém. Tir ddy rdt ra mot két ludn quan trong 13 khong thé dung
co h-;}c cd dién dé mo ta mdét cich chinh xdc quv dao chuyﬂn dong caa hat vi md nhu
thuyét cia Bohr ma phai sir dung moét mon khoa hoc méi la co hoc lugng .

1.1.5. Anh séng laser

Laser la tén viét tit ctia cum tir Light Amplification by Stimulated Emission of
Radiation ¢6 nghia la "khuéch dai 4nh sang bang phit xa kich thich” hoic "khuéch dai
4nh séng béng birc xa cudng birc".

1. Tinh chit

_Trong thuc té, laser 12 su tao ra mot chum hat photon dugce phit xa théa man
céc diéu kién sau diy:

o Tét ca céc photon phit ra déu ¢6 cung budc séng gidng nhau (1a goi day la su
don sic).

e Tét ca cic photon déu c6 cung pha dao dong. Néi cédch khéc la cdc photon phai
dugc tao ra vio cling mét thoi diém nhu nhau.

e Tit ca cdc photon déu cung phan cye theo mét phuong.
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Chirong 1: Cdc kién thitc co ban

2. Sur khéc nhau giira 4nh sdng thwong va dnh sdng laser

Anh sang laser gom nhiéu photon ciing mdt tan sb, dung pha va bay gan nhu
song song v&i nhau, nén ¢6 cuong dd rit cao va chiéu dai déng pha cua chim séng
16m. Tia laser thong dung c6 thé ¢6 chiéu dai dong pha c& vai chuc cm . Céc tinh chat
nay rat quy cho nhiéu tg dung thyc nghiém.

1.2. Bin chit ciia sy nhin thiy

Chiing ta nhin tha}' dugc moi vat xung quanh la do ngudn sdng chiéu vao vit
d6 réi phan xa vao mit ta, nén ta thay dugc vt do.

Céic dao dong cia dién trudng trong anh sing tic dong manh dén cac té bao
cam thu 4nh sing trong mat nguol.

1.2.1. Ciu tao cia miit

Mit gmng nhu mdt may anh. N6 c6 chirc ndng tao ra mét anh that, nho hon vat,
trén mt 16p t€ bao nhéy vdi dnh sing, dé tir d6 tao ra nhirng tin hi¢u than kinh, dua
1én ndo. Tuy nhién hé théng quang hoc cua miit phirc tap hon hé théng quang hoc cua
mdy anh rat nhiéu.

B§ phén chinh ciia mét 1a mot thau kinh hdi ty, trong sudt, mém, gc;u 1a thuy
tinh thé. D6 cong cta hai mat thuy tinh thé c6 thé thay déi duge nho sir co gidn cla co
dd no.

Thé thuy bnh MaAng cumng

/ 4 e Mang mach

Long den

L6 dang I

Dich thuy tinh

mar

" Hinh 1.8. So dd cdu tao ciia mdt
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Churong 1: Cdc kién thirc co ban

Ping trude thuy tinh thé 1a mot chét long trong sudt, ¢6 chiét suat n = 1 333 goi
la thuy dich.

Ding sau thuy tinh thé ciing 12 mdt chit 16ng trong sudt khéc, c6 chiét sut n =
1,333, goi la dich thuy tinh.

M3t ngoai cing ciia mat 12 mdt mang mong trong sudt, cimg nhu sirng, goi 1a
gidc mac.

Thanh trong ciia mit, phan ddi dién vai thuy tinh thé‘, goi la vong mac. N6 dong
vai trd nhur mot man anh, tai d6 c¢6 cic t€ bao nhay sing, nim & dau cic diy thin kinh
thi giac.

Trén vong mac, ¢6 mdt ving nhd mau vang, rat nhay voi 4nh sang, nim gan
giao diém V ciia truc chinh ctia mit véi vong mac. Viing nay goi 12 diém vang.

Duéi diém vang mot chit ¢6 diém ma M 12 diém hoan toan khong nhay sédng,
vi tai d6 céc day than kinh phan nhdnh va khéng c6 dau day than kinh thi gidc.

Sat mit trude cua thuy tinh t_he c6 mdt mang khéng trong sudt, mau den (hoic
xanh hay nau) goi 1A mang moéng mit (hay long den).

Giira ming méng mit ¢6 mét 16 tron nho g0i 1a con nguoi. Tuy theo cudng d¢
cua chum 4nh séng t61 ma dudmg kinh cia con nguoi s& tr dong thay déi, dé diéu
chinh chum sang chiéu vao vong mac. O ngoai ning, con nguoi thu nho lai; trong
phong téi, né mé rong ra.

Mt dic diém rét quan trong vé mit cdu tao cta mit 13 do cong (do dé tiéu cy
cia thuy tinh thé c6 thé thay déi dugc). Trong khi dé6, khoang cich tr quang tim cua
thuy tinh thé dén vong mac (d’ = OV) lai luén ludn khéng ddi (d’ =2 ,2cm).

Vong mac ngudi duge chia lam 2 16p (xét xié mit chic ning) gbm 16p té bao
cam nhdn dnh sdng va 1op t€ bao dan truyén xung than kinh.

Vé té bao hoc, vong mac ngudi chi ¢6 2 loai té bao: té bao gdy va té bao nén.

180,000 T T T T T T T
Blind spot —_C
PP - Rods
E - . . *u
E 135,000 - SR . -
E s v Y ..
E ,"' P 1 (Y
g - 'j H *
- i " s, 4
s 90,000 / H '
- Il ] |' 1 -
B ’ i ' .
| . H "
/ | i -
g sl " >
(L) 1y
e 1
i ¥
I T ! 1 1
&a* [ 40° 20 " 20" 40 &0t -

Degrees from visusl axis (cenler of foves)

Hinh 1.9. Phan bé cdc té baa aue vi té bao-réntrone vong mac



Chuwong 1: Cdc kién thirc co ban

Té bao gdy c6 chirc nang xéc dinh vé céu tric, hinh thé vét , nhirg hinh anh
trong toi.

e (6 tir 75-150 triéu

e Rit nhay cam v6i 4nh sdng

e Cam nhan trén dai rong

e Anh sang ban ngay va dém

e Cung cip kha nang nhin dém

e Cam nhén d¢ chéi (cuong do sédng)

e Do phén giai cao

8 T T T Y T T
7TH

>

=

> 6

'.._-. RODS

Z sl

a

w

= CONES

= >

o

c 2

g .|
o ~ 1 1 1 1 1

350 400 500 600 700 800

WAVELENGTH (nm)
Hinh 1.10. P$ nhay sdng cua té bao que va té bao nén

Té bao nén c6 chirc nang xéc dinh rd vé mé’u sic, do sic nét. Trong d6, té bao
n6n lai dugc phén thanh 3 loai, nhin cdm mau sic anh sing tuong Ung véi 3 vung
quang pho khac nhau

e Cotr6-7tricu

e Tip trung chu yéu tai diém vang tai trung tAm véng mac
e (Cam nhan trén dai hep

e Do phan giai thap

e (6 3 loai té bao nén cam nhén céc tin sé cam nhian mau sic 460 nm
(xanh lam), 575 nm (xanh luc), 625 nm (do)

e Chi ¢6 kha nang nhin ban ngéy.
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Chiromg 1: Cdc kién thitc co ban

C6 3 loai té bao nén cam nhin 3 viing quang phd khdc nhau (tirc ba mau sic
khédc nhau). Su két hop ciing lic 3 tin hiéu tir 3 loai té ‘bao ndy tao nén nhilng cam gidc
mau sic.

Té bao cam gidc mau do va mau luc c6 phd hap thu rit gan nhau, do viy mat
ngudi phan biét dugc rat nhiéu mau nim gitta mau dé va lyc (mau vang, mau da cam,
xanh nén chudi, ...).

Té bao cam giéc mau luc va mau lam c6 phd hip thu ndm xa nhau, nén mat
ngudi phin biét vé cdc mau xanh khong tét.

Dé tao ra hinh ar}h mau trén man hinh, ngudi ta cling sir dung 3 loai dén phdt
sdng & 3 ving quang pho nhay cam cia ngudi.

445m S3en 55

-]
( pritrary ysits)

400 0 1] &0 #E0 TO0 b

i

Bl il
Purpls

[:
!lut.ﬂn

Py

Hinh 1.11. Cdc té bao nén hdp thu cdc phé Sif2) ¢6 dinh tai cdc budce song

1.2.2. Cdc thuc tinh mo td mau sic
Céc mau dugc phan biét dya theo cic thugce tinh: d¢ sing, sic do, va do bio hoa mau
e Do sang: dac trung cho d§ roi cam nhén
¢ Dic trung mau (Chrominance)
o Sic d6 (Hue)

= La thudc tinh lién quan téi budc séng chi yéu trong hdn hop cac bude
song dnh sang.

* Pic trung cho mau séc chi dao duge ngudi quan sit cam nhan.
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Chuong 1: Cdc kién thirc co ban

o Do bao hoa (Saturation)

*  Dic trung cho do thudn khiét tuong ddi

*  Phu thudc vao do rong cua phd dnhsing

* Thé hién lugng mau tring dugc tron véi sic do
o Hue va do bdo hoa goi 1a dic trung mau (chromaticity)

0,0,1}

Blue Cyan
I
I
L
Magenta : T White
|
, 5
I
(I
| .
.'Gray scale 0.1.0
Black | Urayscae @10 .
e Green
5 ”
(1.0,0) L.”
Red Yellow
R

24-bit RGB color cube RGB safe color cube
Hinh 1.12. St biéu dién mau sdc

Hau hét mit cua céc' sinh vat nhay cam véi buc xa dién tir c6 budc séng nim
trong khoang tir 300 nm dén 1200 nm. Khoang budc séng nay trang khép véi vung
phét xa ¢6 cuong do manh nhat cua Mat Troi.

Cic loai vt trén Trdi DAt tién hod dé thu nhan viing birc xa tw nhién manh nhat
dem lai l¢1i thé sinh ton cho ching.
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Chueong 1: Cdc kién thiec co ban

| ] ] [ | T
= - | | = _|"' 7:‘
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Hinh 1.13. Su cam nhdn sai do twong phan va hinh ddng kich thiede cua méit

1.3. Géc khéi
1.3.1. Khéi niém géc khdi

Hinh 1.14. Géc khoi

Don vi do géc khéi 12 géc khéi truong tai tdm cua mot hinh cdu ¢6 ban kinh r
theo mdt phan trén bé mit cia hinh cdu cé dién tich r2. Nhu vay ta ¢6 4m Steradian
trong hinh céu.

1.3.2. Géc trong vit va niing suit phan li cia mit

Goéc trong viat AB c6 dang mét doan lhfmg didt vudng géc voi truc chinh cia
mit, 13 géc tao béi hai tia sang di tir hai ddu A va B cua vat qua quang tdm O ctia mit.

Muén phan biét dgc hai diém A va B thi khong nhimg hai diém d6 phai nim
trong gidi han nhin ré ciia mét, ma géc trong doan AB phai di 1on. Thyc vay, khi doan
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Chuong 1: Cdc kién thikc co ban

AB ng&n lai, géc trong doan AB giam di, hai anh A’ va B’ cua ching trén vong mac s¢
tién lai gin nhau. Khi hai anh A’, B’ nim trén cling mot dau té bao nhay 4nh sing thi

ta khéng con phén biét durge hai diém A va B nira.

Do d6, nguoi ta goi nang sqﬁt phin li ciia mét 1a géc trong nho nhét o, giita
hai diém A va B ma mit con c6 thé phén biét dugc hai diém d6. Liic d6 hai anh A" va
B’ cua chiing nam tai hai té bao nhay sdng canh nhau trén vong mac.

Ning sudt phan li cia mit phu thudc vao timg con mit. Phép do dac théng ké
cho ta két qua
o1 e e
o S ml v Bsﬂorad

min

1.3.3. Syr lru dnh trén vong mac

Sau khi tit 4nh sang kich thich trén vong mac, phai mat mot khoang thoi gian c&
0,1s, vong mac méi hdi phyc lai nhu cii. Trong khoang théi gian d6, c&m gific sang chua
bi mt va ngudi quan s4t van con thdy hinh anh ctia vét. D6 12 sy luu anh trén v8ng mac.

Hién tugng nay duoc sir dung trong chiéu béng, trong v tuyén truyén hinh.

1.4. Tric quang
1.4.1. Quang phd
1. Quang phi:} lién tyc
Néu ngucm la mét béng deén c6 day toc ndng sing thi qua lang kinh ta thiy c¢6 mot
dai sdng ¢6 mau bién ddi lién tuc tir 46 dén tim. D6 12 quang pho lién tuc ctia ngon den.

Céc vit rin, long hodc khi c6 ti khéi 1dn khi bi nung néng s€ phat ra quang phd
lién tuc. Mat Troi 1a mot khéi khi c6 ti khdi 16n phét sang Quang phd cia anh sing
mit trdi la quang phd lién tuc. Trong quang phd lién tuc, cic vach mau canh nhau nim
sdt nhau dén mirc chiing nbi lién v6i nhau tao nén mot dai mau lién tuc.

buidic séng (micror)

Hinh 1.15. Budc song tia héng ngogi phdt ra giam
khi nhiét dé cdc vdt bi nung nong tdng
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Chicong 1: Cdc kién thirc co ban

Mot dic diém ‘quan trong cua quang pho lién e 1a né khang phu thupc thanh
phén cau tao ciia ngudn sang, ma chi phu thudc vao nhiét do clia nguon sing. H

Mat nueng sét va mjt mién sir dit trong 10, nung dén cling mét nhiét dé sé& cho
hai quang pho lién tuc rat giong nhau.

0 nhiét do 500 ’C, Vit bt diu phét sing do, nhung rit yéu, nén mit chua cam
nhan duoc va vit van toi.

Nhiét do cang cao, mif"?n phét sang cua vat cing mé rong vé phia 4nh sing c6
budc song ngin cua quang pho lién tyc.

Céc day téc bong dén ¢6 nhiét dd khoang tir 2500K dén 3000K phat séng kha
manh ¢ ving 4nh sa‘mg nhin thiy va cho mét quang phu lién tuc c6 du mau sic tir do
dén tim. Anh sing ctia cic béng dén ndy 1a 4nh sing tring. )

Nhiét d6 ctia bé mat Mt Troi khoang 6000K. Ving sang manh clia quang phd lién
tuc ciia Mt Troi nim 1an cdn bude séng 0:374M 4nh sang mat troi 12 4nh séng tréing.

2000
- Solar spectrum wtSun:'.'.tllaz.r cell matenal
E gya-nrqachon& cel :
=9 —Culza5e;.a-
E %0 —CulnS; !
z ——CdTe, GaAs
s
§rom
5
z
[=]
a

05 075 1.0 125
Wavelangth |pm]

Hinh 1.16. Phé mat troi
Trén béu trdi ¢6 cic ngo1 sao mau sing xanh. Nhi¢t d6 cua céc ngdi sao nay
cang cao hon nhiét dd cua Mat Troi rit nhiéu.

Ngudi ta loi dung dic diém trén dé xic dinh nhiét d6 cua cdc vat phit séng do
nung noéng nhu nhiét d§ cia diy téc bong dén, hd quang, 10 cao, Mat Trdi, cic sao
LA

Muén do nhiét d ctia mdt vat bi nung néng sing, ngudi ta so sanh do séng cua vat
do vai do siang cia mot diy téc béng dén & mdt viing bude séng nao dé (thuong 1a do).

Nhiét d¢ ctia day t6c béng dén g véi nhitng d§ sidng khéic nhau di hoan toin
biét trudce.
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2. Quang pho vach phit xa

Chiéu mot chim tia sdng do mdt dén phéng dién chira khi lodng (dén hoi thuy
ngén, dén hydrd, dén natri v.v...) phdt ra vao khe cia mét mdy quang phd, ta s& thu
dugc trén tam kinh cia buong anh mét quang phd phét xa cia chat khi hodc hoi kim
loai d6. Quang phd nay bao gbm mot hé thﬂng nhitng vach mau riéng ré nim trén mot
nén tdi va goi I quang phé vach.

Quang phd vach phat xa do cdc khi hay hoi ¢ dp suét thap bi kich thich phat
sdng ra. C6 thé kich thich cho mét chit khi phit sdng bﬁng céch d6t néng hodc bing
céch phéng mét tia lira dién qua ddm khi hay hoi d6 v.v.

Thyc nghi¢m cho thiy quang phd vach ph{lt xa cua céc nguyén t6 khéc nhau thi
rat khéc nhau ve¢ s6 lugng cdc vach quang phd, vi tri cdc vach, miu sic cic vach va d
sdng ti d6i cua cdc vach dé.

~ Nhu vay, mbi nguyén t6 hod hoc & trang théi khi hay hoi néng sang dudi ap
sudt thap cho mdt quang phd vach riéng, dic trung cho nguyén t6 do.

3. Quang phd vach hap thy

Chiéu mét chiim séng tring do mét dén ¢6 day téc néng sdng phit ra vao khe
clia mdt may quang phd ta thu dugc mét quang phé lién tuc trén tim kinh ctia budng
anh. Néu trén dudng di ciia chim sdng ta ddt mot ngon dén c6 hoi natri nung néng thi
trong quang phu lién tuc néi trén xuét hién mdt vach t&i (thye ra 12 hai vach ti nim
sdt canh nhau) & ding vi tri cia vach vang trong quang phd phit xa ctia natri. D6 1a
quang phd hép thy cua natri.

Néu thay hoi natri bing hoi kali thi trén quang pho lién tuc xuét hién nhirng
vach tdi & diing chd nhitng vach mau cta quang phd phat xa cta kali. D6 1a quang pho
hép thu cua kali.

Quang ph-::r cua Mat Troi ma ta thu dugc trén Trai Pit 12 quang phé hip thu. Be
mit cua Mat Tron (quang cau) phét ra mdt quang phd lién tuc. 4nh sdng wr quang cdu
di qua l6p khi quyen cua Mat Troi dén Tréi Pat cho ta mot quang phd hap thy ctia khi
quyén do.

Piéu kién dé thu dugc quang phé hép thy 1a nhiét do cua dam khi hay hoi hép
thu phai thip hon nhiét dé ciia ngudn sdng phat ra quang phé lién twe.

4. Hién twgng dio sic cic vach quang phu
C6 mot hién tugng dic biét lién hé giira quang phd vach hép thu va quang phd
vach phit xa ciia cing mgt nguyén t6: hién twgng dio sdc. Hién tugng nay xay ra nhu sau:
Gia su dam hoi hép thu & trong thi  nghiém trén dugc nung néng den nhlel d) ma

chiing c6 thé phét sing, tuy nhiét 4o nay van con thép hon nhiét d6 cta ngudn sing tréng.
Trén kinh anh ctia may quang phd, ta thu dugc quang phd hép thu ciia dam hoi dé.

Bay gi¢ ta dot ngot tit ngudn sdng tring di. Ta sé tha}' bién mat nén quang pho
lién tuc trén kinh anh, dong thoi nhimg vach den ciia quang phé hép thu trd thanh
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Chuong 1: Cdc kién thire co ban

nhirng vach mau cua quang phé vach phét xa cia chinh nguyén t6 d6. D6 13 hién tugng
dao sac cua vach quang pho.

Thi du: Trong quang phé hép thy cua hoi natri ¢6 mét vach den kép nim diing
vi tri cta hai vach vang (0,5890um, 0,5896um) cua natri,

Viy, ¢ mét nhi¢t do nhét dinh, mét ddm hoi ¢6 kha ning phét ra nhitng dnh
sang don sic nlo thi né ciing ¢ kha nang héap thu nhimmg 4nh sing don sic do.

Quang phd vach hip thu ciia mdi nguyén td ciing c6 tinh chét dac trung riéng
cho nguyén t6 d6. Vi va;-,! ciing ¢6 thé cin cir vio quang pho vach hip thy dé nhan biét
su ¢6 mit ctia nguyén to d6 trong cic hdn hop hay hop chit. D6 1a ndi dung cua phép
phin tich quang phd hip thu.

Nhé&r ¢6 viée phin tich quang phd hap thu cia Mt Troi ma ngudi ta da phat
hi¢n ra héli ¢ trén Mit Troi, trude khi im thay n6 ¢ Tréi Pat. Ngoai ra ngudi ta con
tl}ay c6 mat cla rat nhiéu nguyén tb trong khi quyén Mt Tréi nhu hidrd, natri, canxi,
satv.v...

5. Phép phan tich quang phﬁ va tién lgi ciia phép phan tich quang phd

Phép phén tich thanh phin cu tao cia cic chét dya vao viéc nghién‘ciru quang
phD g01 1a phép phén tich quang phn

Trong phép phan tich quang phd dinh tinh, ngudi ta chi can biét sy ¢6 mat cua céc
thanh phén khéc nhau trong mau ma ngudi ta cdn nghién ciru. Phép phén tich quang phd
dinh tinh thi don gian va cho két qua nhanh hon cic phép phén tich hoa hoc.

Trong phép phén I:ch quang phé dinh lugng, nguoi ta cin biét ca nong do
cua cdc thanh phan trong mau Phép phin tich quang phé hct strc nhay. Nguoi ta c6
thé phat hién dugc mét néng d6 rit nho cia chat trong mau (thudng vao khodng

0,002%).

Nhé phép phan tich quang phd ma nguoi ta di biét dugc thanh phan cdu tao va
nhiét 46 clia cdc vit & rit xa nhu Mat Troi va céc sao.

1.4.2. Khii niém quang tric
Céc hé€ do dnh sidng dya trén co so mo phong dap img cua miét ngudi véi dnh sang.
Tric quang 12 phép do céc dai lugng lién quan véi dnh sdng trong viing 400-700 nm.

Phép tric quang va quang ké sir dung cic dai lugng va don vij khic véi birc xa
ké. Céc hé tric quang dua trén co s cdc bd thu cé ddp ing véi ning lugng bire xa theo
kiéu nhu dp tmg cia mit ngudi.

Ngudi ta dung mdt s rét 16n dir lidu théng ké dé tao ra dudmg cong chuin mé
ta dap ung phd ctia mét, goi 1a duong quan sat chuan (hay duong dic trung cho quan
sdt chu@n) (Standard observer curve hay Luminosity curve for the Standard observer)
hay con goi 1a duomg cong CIE (“Commision International de I'Eclairage” cua Hgi
déng “International Commision on Illumination”).
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Churong 1: Cdc kién thirc co ban
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Hinh 1.17. Puong quan sdt chudn
Luu ¥ trén do thi dm‘mg cong chufin (4o trung trong déi phu thudc budc séng).
Buéc séng 555nm 1a sdng nhat Mgt nguodn cé thé birc xa mdt ning lugng birc xa nhu
nhau & 555nm va 610nm, s& c6 4§ séng 0,5 khi hoat déng ¢ 610nm so véi d9 séng 1
khi hoat ddng & 555 nm

BANG PQ TRUNG TUONG POI i (n = 1 Tai buéc séng 555 nm)

Buée séng P§{ trung Buée song b§ trumg
(nm) twong doi : (nm) twong dbi
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 I 0,001
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Churong 1: Cdc kién thikc co ban

Dong cong suat quang dugce do theo Lumen va ky hiéu Fv+ Lumen c6 nghia
twong tu nhu don vj ciia cong suat Watt nhung diing trong viing budc séng kha kién.
Quan h¢ giira dong cong suit birc xa va dong cong suft quang.
Fv = 683[Im/W] .{Dc n
Vai:
. leF : Dong quang (lumen)
. (I)c: Dong birc xa (Watt)
e 683 Im/W : Hiing sb vat Iy
¢ 1 :DJ trung twong déi & budc séng dang xét

Céc dic trung co ban:
e Ning lugng quang trung (Luminous Energy): Q1r lumen.second (Im.s)
e Dong quang trung: Fv = dQvfdt lumen (Im) -
e Mit d6 dong quang trung chiéu xa : EV = dFva"dA ln'l.e"m2
¢ Kich thich quang trung: M‘_ = dvadA ]mfm2
e Cudng dd sdng): [ = dvadm =EV.I«".2 Im/sr
e o gboc dic ( goc khéi) Sr (SteRadian)

2
* P{§ quang trung-Luminance Lf dva (do.dA.cosB)  Im/fsr.m
D¢ quang trung-Luminance L cuamjt ngudn ¢6 cudng do lm tai vi tri cta dau thu
L =1 /acosb
v )

I @ Cuéng do birc xa, 12 ham s theo 0 (géc giira tia téi va phdp tuyén cua dién
tich bi chiéu xa)

a: Dign tich ciia nguodn birc xa.
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Chuwong 1: Cdc kién thitc co ban

1.4.3. Cédc don vi do bire xa

Ciac khéi niém co bin
Radiant energy (néng lugng birc xa) Qe Joule (J)
Radiant Flux (dong burc xa) tDE= (I:H:.f;l"«'.lt}|WI i tich dA Watt (W)
Flux density (mét d6 dong quang té1 /dvdt)

2
con goi la irradiance (d9 roi ning luong): HE =d tlltfdA (W/m )

Radiant Emittance (d¢ trung néng lugng)
12 mat d6 dong kich thich trén bé mit ctia ngudn dugc kiém tra:

2
Mt= d mtfdA (W/m)
Radiant Intensity (cuémg d§ birc xa) I== d iIit.fdm (W/sr)
2
vl do = dA/R Steradian (sr)

. y s 1
Chi y truong hgp nguon diém ding hudng _Ie = dleﬂln = HER .

Radiance (cong suét birc xa trén don vi géc dac va trén don vi dién tich)
L; =d ®/dodAcosh (W/sr.m2)

Spectral Radiant Power (cbng sudt birc xa trén don vi budc séng):

O, =dQJdi (W/nm)
Spectral Emittance (phé kich thich, d9 roi phd) W, = dM{/ di (W/m®.nm)
Spectral Radiant Intensity: Il= d[tf di (W/sr.nm)
2
Spectral Radiance L1= st.-' di (W/sr.m .nm)
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Chuong 1: Cdc kién thitc co ban

Don vj 4nh sing va birc xa di¢n tir ¢6 lién quan

Nang jun J 1J=IN.1m=Im’kg.s?
lugng
birc xa
Cong suét | oat W IW = 1J/1s = Im* kg.s™
birc xa
(thong
lwong
birc xa)
Cudmg d¢ | odt trén Wisr Odt trén steradian 12 cuong dé birc xa cia
birc xa steradian mét nguén diém phat déu théng lugng birc xa
1 odt trong géc khéi 1 steradian.
1W/sr = Im” kg.s™
Do chéi |odttrén | W/(sr.m?) Oat trén steradian mét vudng la do chéi
ning steradian nang luong theo mot huéng da cho tai mot
lurgng mét diém trén be mat ¢6 cuong dé birc xa cla phin
vudng t6 bé mat dy 1a 1 o4t trén steradian va dién tich
hinh chiéu cua phin t6 1én mat phang vudng
g6c voi hudng trén 12 1 mét vudng,.
IW/(sr.m”) = 1kg.s~
Ning sudt | odt trén | W/m® Odt trén mét vudng la nang sudt birc xa tai
birc xa mét moét diém trén. bé mat c6 thong lugng birc xa
vudng tr mét phan té dién tich 1 mét vudng clia bé
mat nay la 1 oat.
IW/m’= 1kg.s~
Do roi odttrén | W/m? Odt trén mét vudng la do roi ning luong &
nang mét mot dlem trén bé mat ¢6 thong lugng birc xa 1
lrgng vudng odt chiéu lén phin té dién tich 1 mét vudng
ctia bé mat dé.
IW/m®= 1kg.s>
Cuong 49 | candela cd Candela 1a cudng do sang theo mét
sing phuong xic dmh cua mot ngucm phit ra birc

xa don sdc c6 tdn sé 540 x 10" héc vi c6
cudmng do buc xa theo phuong d6 1a 1/683 odt
trén steradian (CGPM lan thir 16, 1979).

Pon vi co ban.
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Chuong 1: Cdc kién thirc co ban

8 Dd chéi | candela ed/m? Candela trén mét vudng 1a dd choi ¢
trén mét mdt nguon phang 1 mét vudng c6 cudng
vudng sdng 1 candela do theo phuong vudng gée v
nguon.
led/m’ = Im”.cd
9 Quang lumen Im Lumen la quang théng do mét ngudn s4
thong dlem cudmg do 1 candela phat déu trong g
khéi 1 steradian.
1lm = lcd.1sr = led
10 | Lugng lumen Im.s Lumen gidy la lugng sing cua qua
sdng gidy thong 1 lumen tinh trong thoi gian 1 gidy.
+ 1lm.s = lcd.s
lumen gi¢ | Im.h 1lm.h =3 600 Im.s
11 | Nang suét | lumen Im/m’ Lumen trén mét vuong 1a nang sudt pl
phdt sang | trén mét sdng cua m{t nguon hinh cdu c6 dién tich n
(dd trung) | vubng ngoai 1 mét vudng phat ra mot quang thong
lumen phén bé déu theo moi phuong.
Ilm/m’= 1m>.cd
12 Do roi lux 1x Lux la d§ roi cua mot mat phﬁng nt
quang thong 1 lumen phén bd déu trén d
tich 1 mét vudng cta mat do.
11x = llm/1lm® = Im?.cd
13 | Lugngroi | lux gidy | 1x.s Lux gidy la lugng roi img voi dd roi 1!
trong théi gian 1 gidy.
11x.s = Im™.s.cd
lux gidr Ix.h 11x.h = 3 600 Ix.s
14 | Do mot trén | m” Mot trén mét 1a dd tu cia mdt hé quang
(quang mét tiéu cy 1 mét trong mdi truong chiét suét bi
luc) 1.
Im' = Im"
didp dp Diop 1a tén goi khic cua don vi mot t
mét
1dp=1m"
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Chuong 2
BAN DAN

2.1. Ly thuyét dii ning lwgng
2.1.1. Mirc ning lrgng va dii ning lrgng .

Ta biét rﬁng vit chat dugc céu tao tir nhirng nguyén tr (d6 1a thanh phan nho
nhét ciia nguyén t6 ma con giir nguyén tinh chét cia nguycn td d6). Theo md hinh cua
nha vét ly Anh, Rutherford (1871-1937), nguyén tr gom ¢6 mdt nhin mang dién tich
duong (Proton mang dién tich duong va Neutron trung hoa vé dién) va mot sé dién wr
(electron) mang dién tich am chuyén déng chung quanh nhan va chju tdc dong bai luc
hat cua nhan.

Nguyén tir ludn ludn trung hoa dién tich, s6 electron quay chung quanh nhan
bang sb proton chira trong nhén - dién tich cia mot proton bing dién tich mot electron
nhung trai dau] Dién tich ctia mét electron 1 -1,602.10"° C (Coulomb), diéu nay c6
nghia 12 dé c¢6 duoc 1 Coulomb dién tich phai c6 6,242. 10'® electron. dién tich cua
dién tir ¢6 thé do dugc truc tiép ‘nhung khéi lugng cia dién tr khong the do trye tiép
dugc. Tuy nhién, ngl.rm ta c6 thé do duoc ti sb giira dién tich va khbi lugng (e/m), tr
do suy ra dugc khdi lrgng coa dién tir 1a my=9,1.10~ i kg.

D6 14 khébi luqng cua dién tr khi n6 chuyen dong voi véan tdc rat nho so véi van
téc 4nh sang (¢ = 3.10° m/s). Khi van téc dién tir tang 1én, khoi lrgng cua dién tr dugce
tinh theo cong thirc Lorentz-Einstein:

Méi dién tir chuyén dong trén mot du&rng tron va chiu mot gia toe xuyén tim.
Theo thuyét dién tir thi khi chuyén dong c6 gia toc, dién tr phai phit ra ndng lugng. Su
mat ning ]qung nay lam cho qu¥ dao caa di¢n tr nho din va sau mot thoi gian ngi’in
dién tir s€ roi vao nhin. Nhung trong thye té, cdc hé thong nay 1a mét hé théng bén
theo théi gian. Do d6, gia thuyét cia Rutherford khong ding virng.

Nha vét 1y hoc Pan Mach, Niels Bohr (1885 - 1962), da bé tiic bﬁng cic gia
thuyét sau:

* C6 nhimg quy dao dic biét, trén d6 dién ur ¢6 thé di chuyén ma khong phit ra
nang lugng. Tuong Ung véi moi quy dao 6 mdt mirc ndng lurgng nhat dinh. Ta
¢6 mot quy dao dirng.
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Churong 2: Bdn dén

Khi dién tir di chuyén tir mot quy dao twong (g véi mirc ning lugng w, sang
quy daﬂ khéc turong ng vG1 mirc nang lugng W2 thi sé cd hién tugng birc xa
hay hdp thu nang lugng. Tan sé ctia birc xa (hay hdp thu) nay la:

f — W, =W,
h
Trong d6, h = 6,62.10°* J.s (hing s6 Planck).

Trong mdi quy dao dirng, moment dong lugng cia dién tir bing boi sé cia;

N
21

=h

Moment ddng lugng:

Hinh 2.1. M6 hinh nguyén tw hydro

Voi gla thu}rét trén, nguoi ta da dy dodn dugce cdc mirc ning luorng cua nguyén

tr hydro va giai thich dugce quang phd vach cua Hydro, nhung khéng giai thich dugc
d6i véi nhimg nguyén tr ¢6 nhiéu dién . Nhan thay su dbi tinh gu‘.'ra song va hat,
Louis de Broglie (nha vit 1§ hoc Phép) cho rang c6 thé lién két mdi hat dién khoi
lugng m, chuyén dong véi van tée v mot bude séng.

A=

my
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Chicong 2: Bdn dan

Trong khi giai phuong trinh Schrodinger dc tim nang lugng cua nhing di¢n tur
trong mdt nguyén tur duy nhat, nguol ta thay rang moi trang thdi ndng lugng cua .
electron phy thudc vao 4 sé nguyén goi 1a 4 s6 nguyén lugng.

* S6 nguyén lugng xuyén tim (S6 nguyén lugng chinh). Xic dinh kich thudc cia
quy daon=1,2,3,...7.

* S6 nguyén lugng phuong vi: (S6 nguyén lugng phu). Xéc dinh hinh thé quy dao
1=123,....,n-1.

e S6 nguyén lugng tir. Xéc dinh phuong huéng cia quy dao ml =0, £1,..., £,
» S nguyén lugng Spin. Xéc dinh chiéu quay cua electron.
1
m,=4%+—
2
Trong mot hé théng gdm nhiéu nguyén tu, cdc sb nguyén lugng tuan theo
nguyén Iy ngoai trir Pauli. Nguyan 1y nay cho rﬁng trong mot hé thnng khc-ng thc co 2

trang thai nguyén lugng gidng nhau, nghia I khéng thé cé hai dién tir ¢ 4 sé nguyén
lwgng hoan toan giéng nhau.

2.1.2. Phén bé dién tir trong nguyén tir theo nang lwong

Tt ca cac nguyén tir ¢6 ciing sd nguyén lugng chinh n hop thanh mot tang c6
ténlaK,L,M,N,O,P,Qungvdin=1,23,4,56,7.

O mdi tang, cic dién tir c6 cliing s6 ! tao thanh cdc phuy téng c6 tén s, p, d, f tuong img
voil=0,1,2,3.

e Ting K (n= 1) c6 mot phu ting s c6 1di da 2 dién ur.

e Tang L (n=2)cé mdt phu ting s c6 tdi da 2 dién tir va mot phu tang p c6 téi da
6 dién tor.

e Ting M (n =3) ¢ mot phu ’lﬁng s (161 da 2 dién tr), mot phu t:?mg p (tbi da 6
dién tir) va mot phu tang d (t61 da 10 dién t).

e Ting N (n = 4) c6 mot phu tang s (161 da 2 dién ), mot phu ting p (16i da 6
dién 1), mét phu tang d (tdi da 10 dién tr) va mét phu tang f (tbi da 14 dién ).

Nhur vay:
e Ting K ¢6 tdi da 2 dién ur.
e Ting L c6 tdi da 8 dién tu.
s Ting M c6 16i da 18 dién .
e Tang N c6 16i da 32 dién ur.

e Cictang O, P, Q ciing ¢6 4 phu ting va ciing ¢6 tdi da 32 dién ur.
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~ Ung véi mdi phu tang c6 mot mirc ndng lugng va cdc mic nang luong dugc
xép theo thir tu nhu sau:

1 2 3 4 5 & 7
| J———— | J 3s 4s 95 s s
S 3p 4p Sp fp ip

id 44 5d bd 7d

|

4E/5f/65 /?f

Hinh 2.2. Phan bé dién i trong nguyén tir theo ndng lwgng

~ Khi khong bi kich thich, cic trang thdi ning luong nho bi dién tr chiém trudc
(gén nhin hon) khi hét ché mdi sang mirc cao hon (xa nhin hon).

Thi du: nguyén tir Na c6 s6 dién tr z=11, ¢6 cdc phuy ting 1s,2s,2p bj cic dién
tir chiém hoan toan nhung chi ¢6 1 dién tir chiém phu ting 3s.

Céch biéu dién
NATERI Nall 152 252 2p5 35!
MNa 2-8-1
SILICITUN Sil4 152 242 Zp‘6 3s2 3t

512-8-4
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GERMANIUM Ge®2 152 252 2p8 352 3pS 4s? 3410 4p?

Hinh 2.3. M6 hinh nguyén tir Na, Si, Ge

Lép bio hoa: Mot phu ting bio hoa khi ¢6 du sb dién tir téi da.

M@t ting bao hoa khi moi phu ting di bdo hoa. Mot ting bdo hoa rét bén,
khong nhin thém va cling khé mat dién .

Téing ngoai cling: Trcmg mét nguyén tir, ting ngodi cung khdng bao gio chia

qué 8 dién tir. Nguyén tir c6 8 dién tir & tang ngoai ciing déu bén vimg (trudng hgp céc
khi tro).

Cic di¢n wr ¢ tAng ngodi cing quyét dinh hdu hét tinh chit hod hoc cia mét
nguyén to.

2.1.3. Dii ning lugng (Energy bands)

Nhitng cong trinh khao ciru & tia X chitng t réng hau hét cic chét ban din déu
& dang két tinh.

Tinh chit din dién cua cdc vit liu rin dugc gidi thich nho 1y thuyét ving ning
lwgng. Nhur ta biét, dién tir ton tai trong nguyén tir trén nhimg mirc ning lugng gidn
doan (cic trang thai dimg). Nhung trong chét rin, khi ma cdc nguyén tir két hop lai véi
nhau thanh cic khdi, thi cic mirc ning lugng niy bi phi lén nhau, va trd thanh céc
vung ning lugng va s€ cb ba ving chinh.

Ta khao sit mot tinh thé bt kv, ndng lugng cua dién tir duoc ch;a thénh timg
déi. Dai nang lugng cao nhét bj chiém goi 11 dai hod trj, dai ning lugng thip nhat chua
bi chiém goi 1a dai din dién. Khoang céch hai dai nang lugng nay goi 1a dai cdm.

Ving héa tri (valence band): Viing c6 ning lugng thip nhét theo thang ning
lrgng, 14 viing ma dién tir bi lién két manh véi nguyén tir va khong linh dong.

Ving din (Conduction band): Viing ¢6 mirc ning lugng cao nhét, 12 ving ma
dién tr s€ linh dong (nhu cac dién tr tur do) va dién tir & viing nay sé 1a dién or dan, cé
nghia 12 chit s& c6 kha ning din dién khi c6 dién tr t6n tai trén ving din. Tinh din
dién tang khi mat d dién tr trén viing dén ting.
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Viing cdm (Forbidden band): Viing nim glua ving héa trj va vung dan, khong
c6 mirc nang lugng nao do d6 dién tir khéng the ton tai trén ving cam. Néu b4n din
pha tap, c6 thé xuat hlf;n cac mirc ndng lugng trong vung cAm (mirc pha tap). Khoang
cich giira ddy ving din va dinh viing héa trj goi ['z‘; dd rong vang cam, hay nang lucmg
vung cdm (Band Gap). Tuy theo d$ rong ving cdm 16n hay nho ma chat c6 thé 1a dan
dién hodc khong dan dién.

%
\ )
|
}unﬂll&d bands

Conduction Band l 'I

“Ferm energy & banc gap

! E—

Band GapEnergy = 1.11eV

increasirg cnergy

nw:mtmzﬂ':l‘l - l?;‘rE-E.“r o1y ?”e bands
m"*’f*“‘ﬁ:@m" 5 E—
e ] 041 g bl S e

Electron Energy in Silicon Arom

Hinh 2.4. Dai nang lugng

Nhur vdy, tinh din dién cua céc chét riin va tinh chét cia chét ban dan c6 thé 1y
giai mjt cich don gian nhé 1y thuyét viing ning lugng nhur sau:

Kim loai ¢6 ving din va viing héa tri phu 1én nhau (khdéng c6 viing cém) do d6
ludn ludn c6 dién tir trén ving dan vi thé ma kim loai luén luén dén dién.

Céc chat ban din c6 ving cim c6 mdt dd rong xac dinh. O khong do tuyét doi
(0 K), mirc Fermi nim giira ving cam, ¢6 nghia 1a tat ca cic dién tlr ton tai ¢ ving héa
tri, do d6 chat ban din khéng din dién. Khi ting dan nhiét d9, cdc dién tr s& nhin
dugc nang lugng nhiét (kg.T véi kg 12 hing sé Boltzmann) nhung nidng lugng nay
chua du dé dién tir vuot qua vung cam nén dién tr van & ving héa tri. Khi ting nhiét
d6 dén murc du cao, sé& c6 mét sO dién tr nhan dugc nang lm;mg lém hon ndng lugng
viing cAm va né s& nhay 1én viing din va chit rén tr& thanh din dién. Khi nhiét dé cang
ting l€n, mét d di¢n tir trén viing din sé& cang tang 1én, do do, tinh din dién cua chit
bén din ting din theo nhiét d$ (hay dién trér suit giam déan theo nhiét do).

Ta c6 3 trong hop tém tit sau:

¢ Dai cim ¢6 d¢ cao kha lon (Eg > SeV)(1eV = l,ﬁﬂz.lﬂ'” J). Déy la truomg hop
cua cic chat cich di¢n. Thi du nhu kim cuong ¢é Eg = 7eV, Si0; Eg=9¢eV.

e Dai cAm c6 db cao nhé (Eg < 5eV). Day 1a truong hgp chét b4n dan dién. Thi
du: Germanium cé Eg = 0,75eV, Silicium ¢6 Eg = 1,12eV, Galium Arsenic ¢
EG = 1,4EV.

36



Chucong 2: Bdn ddn

* Dai hod tri va dai dan dién chong 1én nhau, day Ia trudomg hop cia chét dan dién.
Thi du nhur dﬂng\ nhom. .

CONDUCTION cverlap

CONDUCTION
BAND CONDUCTION . . sunducton
2and

—— BAND BAND
mEmEm——— '}D{ d qap

. “Eemi znergy 1

metal semiconductar  insulator

-

E—
FORBDDEN FORBIDDEN

valence
sand

INCreasimg energy

INSULATOR ~ SEMICONDUCTOR ~ CONDUCTOR

t E (Ning luon
Dai dén dién

Eg>5eV [Dii cim ,—4| Dai din dién

Eg<feV g
Dai hod tri Da hod trj
a T
Chét cich dién Chat bin din Chiét dan dién

Hinh 2.5. D¢ ddn dién phu thude vao dai cim

Gia st ta ting nhiét ¢ cua tinh thé, nho su cung cip nhiét ning, dién tr trong
dai hod trj ting ndng lugng.

Trong truomg hop (a), vi Eg 16n, dién tir khong du ning hr:mg vuot dai cim dé
viio dai dan dién. Néu ta cho tic dung mot dién trydng vao tinh lhe vildt ca cic trang
thdi trong dai hod tri diu bi chiém nén dign tir chi c6 thé di chuyen bang céch dbi cho
cho nhau. Do d6, so dlen tir di, vé mot chiéu bﬁng voi so dién tr di, vé theo chiéu
ngugce lai, dong dién trung binh triét tiéu. Ta c6 chat cich dién.

Trong truomg hop (b), mot sd dién tir c6 du ning lugng s€ vuot dai cam vio dai
dan dién. Duéi tic dung cua dién truong, cdc di¢n tr nay c6 thé thay doi ndng luong
dé dang vi trong dai dan dién c6 nhiéu mirc néng lugng trong dé tiép nhan ching. Viy
dién tir c6 ning lugng trong dai din dién cé thé di chuyén theo mét chiéu duy nhat

dudi tic dung cia dién trurdmg, ta ¢ chit ban din dién.

Trong truong hop (c) cling gmng nhu truéng hop (b) nhung s6 dién ur trong dai
dan dién nhiéu hon 1am cho sy di chuyén manh hon, ta ¢6 kim loai hay chit dan di¢n.
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2.2. Sy din dién trong ban din
2.2.1. Chét ban din dién (Semiconductor)
1. Chét ban din dién thuin (Pure semiconductor)

[:Iﬁu hét céc chét ban dén dcu c6 cdc nguyén tr sip g(ép theo céu tao tinh thé.
Hai chat ban dan duge dﬂEg nhiéu nhat trong k¥ thudt -;:hé tao linh kién di¢n tr la
Silicium va Germanium. M&i nguyén tir cia hai chat nay déu c6 4 dién tr & ngodi cing
ket hop vai 4 dién ur cia 4 nguyén tir ké cqn tao thanh 4 lién két hod tri. Vi viy tinh
thé Ge va Si & nhiét d0 thap 1a cdc chat céch dién.

Dién tur trong
dai hoa tn

Noi hoa tri

Hinh 2.6. Tinh thé chat ban dén & nhiét dg thap (T = 0K)

Néu ta ting nhiét d¢ tinh thé, nhiét nang s lam ang nang lugng mot s6 di¢n tur
va lam gidy mot s6 noi hod tri. Cic di¢n tr & cdc ndi bi giy roi xa nhau va co the di
chuyén dé dang trong mang tinh thé dudi téc dung cua dién truong. Tai céc ndi hod tri

bj giy ta c6 céc 13 tréng (hole). V& phuong dién nang lugng, ta c6 the ndi rang nhiét
nang lam ting nang lugng céc dién tr trong dai hod tri.

. . * bién tr tu do trong
. X717/ 0 dai dan dién

L ] O". . _!_ a"-f

. o= | o
* [ I *® X ] .. .

o ./i el No1 hoa try

o o .'\___,0‘ R hhi gﬁ}r*

7 7 . Lt‘.- trong trong
* :/ * ° I : .‘gfﬂ. =-..... dan hoa try

Hinh 2.7. Tinh thé chdt bdn dan ¢ nhiét dg cao (T = 3000K)
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Khi nang lugng nay 1on hon nang lugng cua dai cam (0,7eV dbi véi Ge va
1,12eV déi voi Si), dién tir c6 the vugt dai cim vao dai din d1¢n va chura lai nhirng 16
tr{mg (trang thdi néing lugng trong) trong dai ho4 tri. Ta nhan thiy sé dién tir trong dai
dan dién bing s6 16 trdng trong dai ho4 tri.

Néu ta goi n 12 mdt dd dién 1 c6 ndng lugng trong dai din dién va p [a mat dd
16 trong ¢6 ning lugng trong dai hod tri. Tacé n=p = n,

Khi T tdng thi n;tdng.

E
| .
Dai dan dién c e o oo o | -Dién tr trong
+ 4 dai dan dién
Mire ferm :
Dai hoa tnn L& trong trong
G nhiét do thip (0 K) G nhiét dé cao (300 K)

Hinh 2.8. Tinh thé chat ban dan
Ta goi chét ban din c6 tinh chét n = p Ia chét ban din thuén. Théng thudng
ngudi ta gip nhiéu khé khian dé ché tao chat ban dan loai nay.
2. Chit béin din ngoai lai hay c6 chit pha (Doped/Extrinsic Semiconductor)
Chit ban din loai N: (N - type semiconductor)

o s . Dién nr thira cua As E
0(S)® ®(5;)® ®(s)® . ~~trong dai cam Dai din dién
. ¢ o .
. o] o< e 0.03eV | A
e (5i)e e(Asle l'll:s:iﬁii ——— /
. ' ¢ 1.12eV f] M€ ferm ting
2, - 2 1én tur thira cua As
o(Si)e o(s5ije e(sije
» L ®
NN SRR - Dai ho4 tri
i ¢ chat ban da tdocao (T=300 K - —
Tinh theé chat ban dan & nhigt do cao ( ) Shictdo T= 0K

Hinh 2.9. Tinh thé Si

Gia sir ta pha vao Si thun nhirng nguyén tr thudc nhém V ctia bang phan loai
tuan hoan nhu As (Arsenic), Photpho (p), Antimony (Sb). Bén kinh nguyén tir clia As
gdn bing bén kinh nguyén tir ctia Si nén c6 thé thay thé mot nguyén tir Si trong mang
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tinh thé. Bén dién tr cia As két hop voi 4 dién tr cua Si lan can tao thanh 4 noi hod
l:r;, con du lai mot dién tI caa As. O nhiét do thap, tit ca cdc dién tir cia céc ndi hm tri
déu c6 ning luong trong dai hod tri, trr nhirng dién tr thua cua As khong tao noi hod
tri ¢6 ning lugng Ep ndm trong dai cAm va cich day din dién mt khoang ning luong
nho chimg 0,05¢V.

Gia st ta ting nhiét do cua tinh thé, mét sé ndi hod tri bj gay, ta c6 nhimg 16
trong trong dai hod tri va nhitng dién tr trong dai din dién giong nhu trong truong hop
ciia cdc chét ban din thuan. Ngodi ra, céc dién tr ciia As ¢6 ning lugmg Ep ciing nhén
nhiét nang dé tré thanh nhirng dién tir ¢6 néng luong trong dai dan dién. Vi thé ta c6
thé coi nhur hau hét cic nguyén wr As déu bi Ton hod (vi khoang ning lugng gitra Ep va
dai din dién rét nho), nghia Ia tit ca cdc dién tr lic dau cé nang lugng Ep déu duge

tang ning lwgng dé tros thanh dién tr tr do.

1E D3ai dan dién

b - 4 L .

iDéi héatri O O

I_ Hinh 5
Hinh 2.10. Tang nhiét do
Néu ta goi Np 12 mét d§ nhirng nguyén tir As pha vao (con goi la nhirng nguyén
tr cho donor atom).
Tacé:n=p+Np
Vai:
e n mitdd dién ur trong dai dan dién.
e pmit do 15 trong trong dai hod tri.
Ngudi ta ciing chimg minh duge: np=n,;° (n <p)
n mat do dién tir hojc 16 tréng trong chét ban din thudn trudc khi pha.

Chét bén din nhu trén c6 sé dién tir rong dai dan dién nhiéu hcm sn la trong
trong dai hod tri goi 12 chit ban dan loai N.

Chat bén din loai P

Thay vi pha vao Si thuin mét nguyén td thudc nhém V, ta pha vio nhirng
nguyen 10 thugc nhém Il nhu Indium (In), Galium (Ga), nhém (Al),... Ban kinh
nguyén tr [n gan bang ban kinh nguyén tir Si nén né c6 thé thay thé mét nguyén tr Si
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trong mang tinh thé. Ba dién tir cia nguyén tr In két hop vai ba dién ur cia ba nguyén
tir Si ké céin tao thanh 3 ndi hod tri, con mot dién tir ctia Si ¢6 nang lugng trong dai hoa
tri khong tao mot ndi voi Indium. Gitra In va Si nay ta ¢6 mot trang thai ning lugng
lréng ¢6 nang luong EA nim trong dai cam va céch dai hod tri mot khoang néng lugng
nho chimg 0,08eV.

2 bl by
L3 tréng o(5i)e o(si)e e(5i)e '
.......... 1 & | N1 héa tri

o | 0l T [e T ¥héng dwoc

o (Si)e o(ln)e o(Si)e thanh lap
'Y . '
® b4 2

o(Si)e eo(Si)e e(Si)e
. . .

Hinh 2.11. Tinh thé chat bdn dan logi P

O nhiét d6 thap (T = 0K), tit ca céc dién tur déu c6 ning lugng trong dai hoi tri.
Néu ta tang nhi¢t d¢ cua tinh thé s& ¢6 mat so dién tr trong dai hod trj nhan nang
lugng va vugt dai cam vao dai din dién, dong thoi ciing ¢6 nhirng dién wr vuot dai
cém 1én chiém chd nhimg 15 tréng ¢6 ning lugng E,.

E
Dai dan dién
[ N ] 1
1,12eV
.................... v ucf“mlsmm .
....DOO.................................. ..........I...... D.DEEV ‘T ‘T. 'I.-
Dai héa tri feTele 00
J nhiét d6 thap O nhiét 46 cao
(T=0K) (T=300K) -

Hinh 2.12. Téng nhiét d chat ban dan loai P
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Néu ta goi N, 12 mat d¢ nhirng nguyén tir Indium pha vao (con dugc goi la

nguyén tir nhan), ta ciing co:
p=n+N,
e p:mitdold lrrfrng trong dai hoa tri.
e n: mit d6 dién tir trong dai dan dién.
Nguréi ta cling chimg minh dugc:
n.l:.-r=n,-2 {(p>n)

n; 12 mat do dién tir hogc 13 tréng trong chét ban din thuan truéc khi pha.

Chét ban din nhu trén c6 sb 13 tréng trong dai ho4 trj nhiéu hon s6 dién tir trong

dai din dién duoc goi la chét bén dén loai P.

Nhu véy, trong chét ban din loai p, hat tai dién da s6 12 15 tréng va hat tai dién

thiéu s6 1a dién tir.
Chét bén din hdn hep

Ta ciling ¢6 thé pha vio Si thuén nhitng nguyén tr cho va nhirng nguyén tir nhan
dé c6 chit ban din hén hop. Hinh sau 13 so d6 nang lugng cia chét ban dan hén hop.

Dai dan dién

P Ep Np

Es Na

OO0

Dii hoa tnn
a8e o8

O nhiet do thap
(T =0K)

%2 ¢
b
*>0-8
111
000 O
O nluet do cao
(T = 300K)

Hinh 2.13. Dai nang lirong chdt bdn ddn hén hgp

Trong trudmg hop chat ban dan hdn hop, ta cé:

n+N, = p+Np
np=n; 2

Néu Np > N, =>n > p, ta ¢6 chat ban dan hén hop loai N.
Néu Np < N, => n < p, ta ¢6 chit bin dan hdn hop loai P.
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2.2.2. Din suit ciia chit ban din

L3 tréng mdi

* » % . » . Lg
. .o ale . . . .%. e e R

. o4 e . trong méi
. g KX D o@t . YT

. . . . . .

. . . . . .
' OO . e . -{m- . .

. . . . . .

Ni héa tri mé1 bi gy

Hinh 2.15. nhimg dién ti di chuyén trong tinh thé

Duéi tic dung cua dién truomg, nhirng dién tir ¢6 ning lugng trong dai dan di¢n
di chuyén tao nén dong dwn In, nhung ciing ¢6 nhirng dign tu di chuyén tir mét noi
hod tri bj gay dén chiém chd Lrong ciia mdt ndi hod tri da bj gay ‘Nhirng dién tr nay
cling tao ra mot dong di¢n wrong duong véi dong dién do 16 trdng mang dién tich
duong di chuyén nguge chiéu, ta goi dong dién nay 1a Ip. Hinh sau diy mé ta su di
chuyen ctia dién tr (hay 16 trﬁng} trong dai hod tri & nhiét dd cao.

Viy ta c6 thé coi nhu dong dién trong chit ban din la su hop thanh cua dong
dién do nhitng dién tir trong dai dan dién (da s6 déi véi chit ban din loai N vi thiéu s6
ddi vai chét ban dan loai P) va nhirng 16 trong trong dai hod tri (da s6 ddi vai chét ban
dan loai P va thiéu sb ddi vai chit bén dan loai N).

Déng dién tr rong Déng dién tr trong

dai dan dién ‘ o dai din dign
Chat ban din thuin

~ ™~

L I NIRRT R ELN]

IXT IR I [aladaleelelela Lol
‘Dong dEn tr Dong 6 rong
trong dai héa trj
|- +| -
|\-| I\_-|

Hinh 2.16. Dong dién trong chat bdn dan
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Dudi tac dung cia dién truomg, cic dién tir va 16 trong di chuyén véi van toc
trung binh v, = w.n.E va v, = u p.E.
Tuong Ung vdi nhitng dong dién nay, ta ¢6 nhirng mat dé dong dién J, Jn, Jp
sao cho: J = In+Jp.
Jn=ne.v,=ne.nkE.
e Jn :Mait do dong dién trdi cua dign

L, : D¢ linh déng cua dién tr

n : Mit do dién tr trong daa dan dién
Jp=nev,=neppkE.

e Jp :Mitdddong dién trdi cia 16

» W, :D3jlinh dong cia 16 tréng

e p :Matdd 14 réng trong di hod tri).
Nhu vay: J = e.(n.pu.n + p.u.p).E.
Theo dinh ludt Ohm, tacé: I =0.E
=>0 = e.(n..n+p. 1. p) duge goi 1a dan sudt ctia chit ban din.
Trong chét ban dan loai N, ta cé n >>p nén ¢ = n.L.n.e.
Trong chét ban dan loai P, tac6 p >>nnén o = p.l. p.e.

2.3. Hién twgmg quang dién

2.3.1. Thi nghiém Hecxo

Nam 1887, nha bic hoc Hecxo ngudi Dirc da lam thi nghiém sau: chiéu mot
chum anh séng do mot h6 quang phat ra vao mot tam kém tich di¢n am, gin trén mot
dién nghiém (c6 thé thay dién nghiém bing tinh dién ké). Ong thiy hai 14 cua dién
nghiém cup lai. Piéu d6 chitng to tAm kém da mat dién tich am.

Je

kY
4 i
L | i
-
'l
1
Lot
SO
o —
—

=

Hinh 2.17. Tinh thé
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Néu tam ké&m tich dién duong thi khéng c6 hién tugng gi xay ra.

Hién tuong ciing xdy ra tuong ty néu thay tim kém bing céc tAm ddng, nhom,
bac, niken v.v.

Néu diing mét tim thuy tinh khéng mau chén chim tia hd quang thi hién trong
trén khéng xay ra. Ta biét rang thuy tinh hap thu manh céc tia tr ngoai.

Nhiéu thi nghiém tuong tu da dua ta dén két ludn:

Khi chiéu mgt chiom sdng thich hop (c6 budc séng ngdn) vao mgt mt tam kim logi
thi né lam cho cdc electron ¢ mdt kim logi dé bj bt ra. Do la hién twomg quang dién.

Thuyc ra, khi chiéu 4nh sdng tir ngoai vao tim k&m tich dién duong thi vén c6
électron bi bit ra. Tuy nhién, ching lap tic bi hit tré lai, nén dién tich cua tam kém
coi nhu khong thay déi.
2.3.2. Té bao quang dién

Te bao quang di¢n la mot binh chin khéng nhé trong d6 cé hai dién cuc: andt A

va catot K. Anét (andt) 1a mot vong day kim loai. Catdt (catdt) c6 dang mot chom cau
lam béng kim loai (ma ta cin nghién ciru) pht ¢ thanh trong cta té bao.

Anh sing do mot hd quang phét ra, dugc chiéu qua mét kinh loc F dé loc lay
mot thanh phan don sic nhit dinh, chiéu vao catdt K.

Ta thiét lap gitra andt va catdt mot di¢n trudng nhr bo acquy E. Hiéu di¢n thé
Ugita A va K c6 thé thay doi (vé do 16n va vé diu) nho thay dbi vi tri ctia chét cim C
trén bd ngudn.

Mét von ké V diung dé do hi¢u di¢n thé U va mot miliampe ké nhay G dé do
cudmg do dong dién chay qua té bao quang dién.

Dién tr trong cua cac acquy rat nho so véi dién trar cua té baoQquang dién.

A A

0

NG
_%I-I-I: g

Hinh 2.18. Té bao quang dién
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Khi chiéu vao catdt 4nh séng c6 budc séng ngén thi trong mach xuat hién dong
dién ma ta goi 1a dong quang dién.

Trong t¢ bao quang dién, dong quang di¢n 6 chidu tir andt sang catdt. N6 1a
dong céc €lectron quang dién bay tir catot sang anot dudi tic dung cua dién truong
giira anot va catot.

Nghién ciru su phu thudc cia hi¢n tuong quang di¢n vao budc song cua dnh
sing kf(,:h thich (dnh sing chiéu vao catot) nguoi ta thay: doi voi moi kim loai dung
lam catdt, dnh séing kich thich phai ¢6 buéc séng nhé hon mot gidi han Ao nao dé thi
mdi gy ra duge hién tuong quang dién. Néu anh sang kich thich ¢6 bude song 1on
hon thi dit chitm 4nh sdng c6 mach cling khong gay ra hién tugng quang dign.

Sau khi chiéu 4nh sing vao catdt dé giy ra hién trgng quang dién, ngudi ta
nghién ciru su phy thuge clia cuong do dong quang dign 1 vio hi¢u dign the Uak gitra
andt va catdt. Duong cong do thi nay goi 1a duong dic trung von-ampe cua té bao
quang dién.

Thoat tién, khi tang U AK thi dong quang dién T tang. Khi U 4 < dat dén mt
gid i nio d6, cuong do dong quang dién dat dén gid wi bao hoa Ibh.
Sau d6, gié tri cua cuong do dong quang dién s& khong doi du ¢6 ting UAK.

Nghién ctru sy phy thudc cia cudng do dong quang dién bio hoa Ibh vao cuimg
do cua chiim 4nh sang kich thich, ta thay Ibh ti 1¢ thuan véi cudng do sdng kich thich.

Muén cho dﬁnquuang dién triét tiéu hoan toan thi phai dat giira andt va catdt
mét hiéu dién thé am Uh ndo d6 (Uh =UAK<0). Ut dugce goi 1a hiéu dién the ham.
Gid tri cia Uh tng véi giao diém cia dudng dic trung vén-ampe cua t¢ bao quang
di¢n vai truc hoanh.

Thi nghiém cho thdy gid tri cia hiéu dién thé ham Uh ung véi méi kim loai
diing 1am cat6t hoan toan khéng phu thude vao cudng d¢ ciia chiim séng kich thich ma
chi phu thude vao budc séng cua chum sing kich thich d6. Néu hai chim sdng kich
thich 1 va 2, don sic, ¢6 :::ng[}amirc séng, thi cdc dudng dic trung von-ampe 1 va 2 sé
cit truc 1J tai cung mdt diém “~h.

2.3.3. Cic dinh luit quang dién
1. Pinh luit quang dién thir nhét

Déi voi mdi kim logi diing lam catét cé mét budc séng gici han A0 nhat dinh
goi la gici han quang dién. Hién twong quang dién chi xay ra khi budc song Actia dnh
sdng kich thich nho hon gidi han quang dién ( A< ),

Gid ti giéi han quang dién A0cia mt sd kim loai (tinh ra #M) duge cho
Bac 0,26: Canxi 0.45; Pong 0,30; Natri 0,50; Kém 0,35; Kali 0,55; Nhom
0,36; Xedi 0,66.

Ta thdy 4nh sdng nhin thay dugc chi ¢6 kha ning gay ra duoc hién turgng quang
dién & canxi va cic kim loai kiém.
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2. Dinh luit quang dién thir hai
Vi dnh sang kich thich ¢ budc séng thoa man dinh ludt quang dién thir nhat thi
cuong dg dong quang dién bdo hoa 1i 1¢ thudn vdi cueng do cia chim sdng kich thich.
3. Dinh luat quang dién thir ba
Su ton tai cua higu di¢n thé ham Uh chitng 16 ring khi bat ra khéi mat kim loai,
cdc €lectrdn quang di¢n c¢6 mdt vén oc ban dau Y0. Dién truong can manh dén mirc
d6 nao dé thi ngay ca nhitng électrén c6 vin toc ban dau 16n nhit V0max cling khong
bay dén dugc andt. Lic d6 dong quang dién tri¢t tiéu hoan todn va cong cua di¢n
truong can c6 gid tri ding bing dong ning ban dau cuc dai ciia électrén quang dién.
eUh mv%max
= 2
Tir sw nghién ciru thuc nghiém gid tri cia Uh ma ta di trinh bay & bai truéc, ta
rit ra dinh ludt sau:
Déng ndng ban dau cye dai ciia cdce électrén quang dién khdng phu thudge vio
cwong do ciia chiam sdng kich thich, ma chi phu thuge vao buwdéc song cia dnh sdng
kich thich va ban chat kim loai ding lam catot.

2.3.4. Thuyét lvong tir

a) Céc dinh ludt quang dién hoin toin méu thuin vai tinh chit song caa dnh sdng.
Thue vdy, theo thuyét séng, khi dnh sang chiéu vio mat catdt, du:n truémg bién
thién trong séng dnh sdng s& lam cho cdc electrén trong kim loai dao déng. Cudng
do cua chum sédng kich thich cang 16m thi dién truong dé cang manh va né lam cho
électron dao dong cing manh. Dén mirc do nao d6 thi electrdn s bi bat ra, tao
thanh dong g quang dién. Do dé, bét ki chim sdng nio ciing c6 thé gdy ra hign wong
quang dién, mién 1 n6 c6 cuwong do du 16n va dong nang ban diu cue dai cua
€lectron quang dién phai phu thude vao cuomg dd cua chiim séing kich thich.

b) Ta chi ¢6 thé giai thich dugc cdc dinh luat quang dién, néu thira nhin mat
thuyét méi goi 12 thuyét lugng tir do nha bic hoc Plang (Planck) ngudi Duc, dé
xuéng vao nam 1900.

Theo thuyét lwong tir: Nhimg nguyén ni hay phan nr vat chét khéng hap thu hay biic
xa dnh sdang mot cdch lién tue, ma thanh timg phmr riéng biél. Mdi phm: o Imang mor nang
legmg hodan toan xdc dinh dwoc goi la hrong nie dnh sdng, ¢d dg lon la = =hf, rong do, f
lit tan 56 ciia dnh sding méa nd phdt ra, con b la mét hing s6 goi léthing s6 Pldng.

o h=6,62510"34J.s
Moi phin d6 goi la mét lugng tr nang lugng
Ta thiy mdi luong tr 4nh sdng rat nhé, mdi chim sdng di yéu ciing chira mt
sb rit 1on lugng tur anh sang Do do, ta c6 cam gidc chim sang 1a lién tuc.

Khi 4nh sang tru;-,rcn di, céc lugng tr anh séng khong bi thay ddi, khong phy
thugc khoang céch téi ngudn sdng, dit ngudn dé 1a mot ngdi sao nim cich xa ta hang
triéu ndm dnh sing.
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2.3.5. Giai thich cic dinh luit quang dién bing thuyét lwong tir

~ Nha béc hoc Einstein, ngui Dirc, 1a ngudi dau tién van dung thuyét lugng
dé_giﬁi thich c4c dinh luat quang dién. Ong coi chim sing nhu mdt chim hat va goi
moi hat 12 mot phéton. Mbi photdn img voi mot hugng tir dnh sdng.

Theo Einstein, trong hi¢n tugng quang dién cO sy hap thy hoan toan phéton
chiéu téi. Mdi photén bi hép thu sé& truyén toan bo nang lugng cia né cho mot
glectron. Déi voi cdc electron ndm ngay trén bé mét kim loai thi phin ning lugng nay
s& dugc ding vao hai viéc.

Cung cép cho électrdn d6 mot cong A dé n6 thing duge céc lyc lién két trong
tinh thé va thodt ra ngoai. Cong nay goi la cong thoat.

Cung cap cho électron d6 mot dong ning ban dau. So véi dong nﬁng ban diu ma

cc &lectrén niam & céc 16p séiu thu duge khi bi bir ra thi dong ning ban diu nay 14 cuc dai.
2

vﬂmax

Diy la cong thirc Einstein vé hién tugng quang dién.

Péi véi cac electron ndm & cic 16p sdu bén trong mat kim loai thi trugc khi dén
bé mat kim loai, ching di cham vdi céc ion ctia kim loai va méat mdt phan niang lugng.
Do d6 dong ning ban déu cua chiing nhé hon dong ning ban dau cyc dai n6i & trén.

Cong thirc (8-1) cho tha}f dq)ng ndng ban diu cuc dai cia cic électron quang
dién chi phu thugc tan so f(hay budc séng A) cta dnh sang kich thich va ban chat cua
kim loai ding lam catét (K) makhéng phu thugc vao cuong d§ cia chim sing kich
thich. P6 chinh la ndi dung cia dinh ]ual quang dién thir ba.

Cong thirc (8-1) con cho Lhay néu ning lrgng cua PQ.@" nho hon cong thoat
Athi né khong thé 1am cho électron bt ra khoi catdt v hién trgng quang dién sé
Khong xay ra.

T~ Tacé:

he
hf>A=h§>A=2A<F

h
bat A A=< )

Aochinh 13 giéi han quang dién cita kim loai. Bét déng thirc (8-2) biéu thi dinh luat
quang dién thir nhat.

Cubi cuing, ta giai thich dinh luat quang dién thir hai nhu sau:

Véi chim séng ¢6 kha nang gdy ra hi¢n tuong quang di¢n thi s6 électron quang
di¢n bj bat ra khoi catét trong dom vi thoi gian ti 1¢ thuan v@i s6 photon dén dép vio
mit catdt trong thoi gian d6. Mt khéc, s6 photon nay lai ti 1€ thugn véi cudong do cia
chum séng; con cuong do dong quang dién bdo hoa lai ti 1¢ thudn voi sO €lectrOn
quang dién bi bit ra khoi catdt trong don vi thai gian. Vi vdy, cuong dd cia dong
quang dién bio hoa sé ti 1& thudn véi cuong dé cia chim sdng kich thich.
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2.3.6. Ludong tinh song - hat cia dnh sdng

Anh sing nhin thdy ciing nhu céc tia hdng ngoai, tia tir ngoai, tia Ronghen,
déu 13 céc séng dién tir c6 budce song khiac nhau. Ngudi ta néi chiing c6 cling ban
chat dién tir.

Ta lai thay anh séng c6 tinh chat hat (tinh chét lugng tir). Vay 4nh séng vira c6
tmh chat séng, vira c6 tinh chét hat. Ngudi ta n6i: Anh séng c6 ludng tinh séng - hat.

Nhirng séng dién tir c6 budc séng cing ngﬁn thi photén img v6i chiing ¢6 ning
lwong cang 16n. Thyc nghi¢m cho thiy tinh chét hat cia chiing thé hién cang dim nét,
tinh chat séng cang it thé hién.

Ta c6 thé coi nhitng tic dung sau day 13 nhimg biéu hién cia tinh chit hat: kha
ning dim xuyén, tic dung quang dién, tic dung ion ho4, tic dung phét quang.

Ngugc lai, nhing séng dién tir c6 bude séng cang dai thi phdtdn mg véi chiing
c¢6 nang lugng cang nho. Thuc nghiém cho thiy: tinh chét hat cia ching cang khé thé
hién, tinh chat séng cua ching cang dé boc 16. Ta de dang quan sét thiy hién tugng
giao thoa, hi¢n trgng tan sdc clia cic sdng do.

2.3.7. Hién trgng quang din

Mot sd chét ban dan 1 chét céch dién khi khong bj chiéu s4ng va tré thinh chét
dan dién khi bi chiéu séng. Hién tugng giam manh dién tré cha chét bén din khi bj
chiéu sdng goi 12 hién tugng quang din.

Trong hi¢n twgng quang dién, khi c6 4nh sang thich hop chiéu vao catdt cia té
bio quang di¢n thi électrén s& bj bt ra khoi catdt. Vi vdy, hién tugng nay con goi lit
hi¢n trgng quang dién ngoai (hay hién tugng quang dién bén ngoai).

Trong hién tugng quang din, méi photon cua anh sang kich thich khi bi h&p thu
s¢ giai phong mdt electron lién két dé né tré thanh mot électrdn tr do chuycn dr,mg
trong khoi chét ban din d6. Céc electron lién két khi dugc giai phéng, sé dé lai mot “16
tréng” mang dién duong. Nhirng 15 tréng nay ciing c6 thé chuyen dong tr do tir muit
mang ndy sang niit mang khac va ciing tham gia vao qua trinh dén dién.

Hién tugng giai phéng électron lién két dé cho chiing tré thanh c4c électrén din
goi 1a hign tugng quang dién bén trong.

Vi néng lugng can thiét dé giai phéng mot Electrdn lién két chuyén né thanh
électrdén din khéng 16m 1dm, nén dé gy ra hién tugng quang dan, khéng doi hoi
phdtdn phai c6 ning lugng 16n. Rét nhiéu chit quang dan hoat dong dugc vai dnh
sdng hong ngﬁa: Thi du: CdScé gidi han quang dan 1a 0,3#m_Ta hiéu giéi han
quang dan cia _mot chét 1a budc séng dai nhit cua dnh sing c6 kha nang gay ra hién
tugng quang din & chit d6. Pay 1a mét loi thé cua hién tugng quang din so véi hién
tugng quang dién.
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2.3.8. Quang tré (LDR)
Céu tao Quang tr¢ gom mot 1op chit bin din (cadimi sunfua CdS chiing han}

) phu trén mot tam nhya cach dién (2). C6 hai dién cyuc (3) va (4) gin vao 16p chét
ban din d6.

Nbi mot ngucm khodng vai von vdi quang trg thong qua mot miliampe ké. Ta
thay khi quang tro dwoc dit trong toi thi trong mach khong cé dhng dién. Khi chiéu
quang tro biing 4nh sing cé budc séng ngan hon gidi han quang din cta quang tro thi
s€ xudt hi¢n dong di¢n trong mach.

Dién tré cua quang trd giam di rat manh khi bj chiéu sing boi dnh sdng néi trén.
Do dién tré cua quang trd CdS, ngum ta Iha)f khi khong bi chiéu sang, di¢n trudmg cua
né vio khoang 3.108(1; khi bj chiéu sang, dién tré clia n6 chi con khoang 200,

Ngay nay, quang tré dugc ding thay cho céc té bao quang dién trong hiu hét
cic mach diéu khién tu dong.

2.3.9. Pin quang dién

Pin quang dién 12 mot ngudn dién trong d6 quang nang dugc bién dé:i truc tiép
thanh di¢n ning. Pin hoat dong dya vao hi¢n tugng quang dién bén trong xdy ra trong
mot chét ban dan.

Ta hdy xét mot pin quang dién don gian. Pin déng oxit (h.8.6)

Pin ¢6 mot dién cuc bing dung Trén ban dong nay c6 %hu mot 16p dong oxit
Cu0 . Nguoi ta phun mét 16p vang rdt mong trén mat lcrp dé lam dién cyc thir
hai. Lop vang nay moéng dén mirc cho 4nh sdng truyén qua dl.f[}'c & chd tlep Xic gira
Cu3 va Cu hinh thanh mdt 1op 6 tdc dung dic biét: né chi cho phép Electron chay
qua n6 theo chiéu tir 429 sang Cu.

Khi chiéu mét chim sdng ¢6 budc sén g thich hop vao mit 16p C190 thi 4nh
sing s& giai phong céc électrén lién két trong ““2© thanh electrdn dan. Mot phan cic
électron nay khuéch tdn sang cyc Cu. Cuc Cu thira électrén nén nh:em dién am.
Cug0 nhiém dién duong. Giira hai dién cuc cia pin hinh thanh mdt sut dién dong.

Néu ndi hai dién cyc véi nhau bang mot diy ddn thong qua mét dign ké, ta sé
thay c¢6 mét dong dién chay trong mach theo chiéu tr G420 sang Cu.

~ Ngoai pin quang dién dé-ng oxit, con c6 rat nhiéu loai pin quang dién khdc, pho
bién nhat la pin sélen.

Ngay nay, cdc pin quang dién cé rat nhiéu ung dyng. Cic pin mit tréi & cdc
may tinh bo tili, trén cic vé tinh nhan tao v.v. .."déu 12 pin quang dién.
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Chuong 3
LED-LIGHT EMITTING DIODE

3.1. Giéi thi¢u vé Diode phét quang - LED (Light Emitting Diode)

iBmt phét quang 1a linh kién ban din quang dién tir. NG 6 kha ning phét ra 4nh
sang khi c6 hi¢n tugng tdi hop xdy ra trong tiép xiic P-N, Bit phét quang thudng dwoc
goi tit 13 LED do viét tit tir c4c tir tiéng Anh: Light- Emitting Diode. Tuy theo vit liéu
ché tao ma ta ¢6 4nh sdng birc xa ra & cdc viung budce séng khdc nhau.

kChal bén dén ctia LED duge lam tir mot miéng tinh thé cyc mong. Vo bao boc
chit ban din dugc lam trong subt (nhung thudng 12 ¢6 mau sic). Hai chin boc chi
dugc kéo dua ra khoi 16p bao boc epoxy.

Chit ban din ¢6 2 cuc p va n duoc chia bdi mot mm ndi. Cyc p mang dién tich
dwong; cuc n mang dién tich Am (electron). Mdi ndi p-n nim giita cyc p va cuc n)

Loai birc xa ra 4nh sdng nhin thiy goi la LED chi thi. LED chi thj ¢6 wu diem la
tin s6 hoat déng cao, kich thuréc nhd, cong suét tiéu hao nho, khéng sut dp khi bat diu
lam vigc. LED khong ¢én kinh loc ma van cho ra mau sic. LED chi thj rt rd khi troi
0. LTum tho ciia LED khoang 100 ngan gid. |

2
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Hinh 3.1. Cdu tao va ky hi¢u LED

f'v'at liéu ché tao LED la cdc nguyén tr nhém III va V: GaAs, GaP, GaAsP... diy
la nhl.*mg vit li¢u tai hgp tryc Lu:p Nong do hat dan cia P va N rit cao nén dién tré ciia
chiing rat nhé. Do d6 khi méc LED phéi méc ndi tiép véi mjt dién tré han dong.)

3.2. Nguyén Iy 1am viéc va ciu tao cia LED

Duya trén hi¢u ing phat sdng khi ¢6 hién tugng tai hop dién tir va 16 trong o
viing chuyén tiép P — N. LED s& phat quang khi dugc phin cyc thudn, nghia 1 bién
doi ndng lugng dién thanh ning lm;mg quang. Cudng dd phat quang ti 1¢ vdi dong qua
LED. Khi phén cuc thuén céc hat din da s6 s& di chuyén vé phia ban din bén kia.

Khéi ban dan l{)al p chira nhiéu 15 tréng tir do mang dién tich duong nén khi
ghép véi khéi bén din n (chtra cac dién tir ty do) thi céc 16 trong nay c6 xu hudéng
chuyén dong khuéch tén sang khéi n. Cung lic khoi p lai nhin thém cac dign
(dién tich 4m) tir khdi n chuyén sang. Két qua la khéi p tich di¢n am (thiéu hut 15
Lrﬁng va du thira dién tr) trong khi khéi n tich dién duong (thiéu hut dién tir va du
thira 16 trong).
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0 bién gidi hai bén mit tiép gidp, mat s& dién tir bj 16 tréng thu hit va khi
ching tién lai gan nhau, chiing c6 xu hudng két hep véi nhau tao thanh céc nguyén tu
trung hod. Qu4 trinh nay c6 thé giai phéng ning lugng dudi dang 4nh sing (hay cic
birc xa dién tir c6 budc séng gin d6).

Tuy theo mirc nang luqmg giai phéng cao hay thdp ma budc séng énh sang phét
ra khic nhau (tirc mau sic cia LED sé khic nhau). Mirc néng lugng (va mau sic cia
LED) hoan toan phu thudc vio céu triic nang lugng cia cdc nguyén tir chét ban dan.

Dién ur tir bén N s& khuéch tan sang P va 16 trong bén P s& khuéch tdn sang N.
Trong qud trinh di chuyén chiing sé ti hgp vdi nhau va phit ra cdc photon.

Tay thea muc ndng lugng giai phéng caotray thip ma budc séng dnh sing phit
ra khic nhau (tirc mau sactia LED s& khdc nhau). Mirc ning lugng (va mau sic cua
LED) hoan toan phiu thudc vao céu triic nang lugng ciacéc nguyén tr chét ban dan.

LED thudng c6 di¢n thé phin cyc thugn cao hon di6t thong thudmg, trong
khoang 1,5 dén 3 V. Nhung dién thé phan cuc nghich & LED thi khong cao. Do d6,
LED rat dé bj hur hong do dién thé nguogc gay ra.

Loai LED lﬂlﬂ‘l thé phén u,rc thuan

1.4 - 1,8V

Xanh la ca;;| 2-28V

Hinh 3.2. Di¢n thé phan cuc thugn cuia LED
Dic tuyén V - A ciia LED gidng nhu ctia diode thong thuong.

Pién 4p phan cuc thuén Up = 1,6 - 3 V; dién 4p phan cyc ngugc Uy =3 -5 V;
dong I khoang vai chuc mA.

L, 4

Uo U

Hinh 3.3. Ddc tuyén Von-Ampe ctia LED

52



Chuong 3: LED

Pé tang cudng tinh dinh hudng cho LED, ngudi ta thudng cdu tao LED véi mét
16 cho 4nh sing di qua.

C6 hai loai LED la SLED (LED phat xa mat) va ELED (LED phat xa canh).
Dudi day 1a hinh minh hoa cho viéc lay 4nh sdng ra cia mét SLED.

kim loai

o " Gahs

kim loai

Hinh 3.4. Cdu tao SLED
3.2.1. Tham s6 caa LED
* Nhiét dj
Khoang nhiét d 1am viéc ciia LED: - 60 °C dén + 80 °C LED rét nhay véi nhiét

do. Nhi¢t d$ cang tang budce séng cua LED cang ngin (budc séng giam 0,02 pm - 0,009
pm / °C) va dién ap phan cyuc cho di6t c6 thé bi giam (khoang tir 1,3 mV dén 2,3 mV/ °C).

D6 rong viing cAm cua céc vat liéu cang 1én thi néng lugng dugc giai phong ra
cang 16m va birc xa dugce phét ra c¢é budc séng cang ngan.

Nhiét 46 ting = cudng d) bic xa quang giam (1% / °C).

* Cong suit phat xa vai trdm mW :_IE":n vai W

* Vit liéu

Vé nguyén tic tit ca c4c chuyén tiép P — N déu c6 kha ning phat ra dnh sang

khi duge phan cuc thudn nhung chi ¢6 mét so loai vat liéu ti hgp tnre tiép moi cho
higu sudt tii hop cao.

Cac LED truyén thong dugc lam tir cic loai nguyén liu chat ban dan vé co,
san xudt nhifng mau sau diy:

¢ Aluminium gallium arsenide (AlGaAs) — red and infrared
¢ Aluminium gallium phosphide (A1GaP) — green

¢ Aluminium gallium indium phosphide (AlGalnP) — high-brightness orange-
red, orange, yellow, and green
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Gallium arsenide phosphide (GaAsP) — red, orange-red, orange, and yellow
Gallium phosphide (GaP) — red, yellow and green

Gallium nitride (GaN) — green, pure green (or emerald green), and blue also
white (if it has an AlGaN Quantum Barrier)

Indium gallium nitride (InGaN) — 450-470 nm — near ultraviolet, bluish-
green and blue

Silicon carbide (SiC) as substrate — blue

Silicon (Si) as substrate — blue (under development)
Sapphire (A1203) as substrate — blue

Zinc selenide (ZnSe) — blue

Diamond (C) — ultraviolet

Aluminium nitride (AIN), aluminium gallium nitride (AlGaN), aluminium
gallium indium nitride (A1GalnN) — near to far ultraviolet (down to 210 nm).

Vai sy thay dbi da dang cia mau sic, nhimg LED da mau c6 thé dugc thiét ké

dé san xuét nhimg méu méi la.

- Mt s6 loai LED théng dung:

Vit ligu Ec (ev) | A (nm) | wingbic Up (v) Uagege t, Loa
%a oI=20mA | Max | (nsec) | taihop

Ge 0,66 - - | Guigp
Si 1,09 - - - | Gup
Gahs 143 910 | Hoéngngoai | 1,6+ 1,8 5 50 | T tiép
GahsP 1.9 660 bs 1618 5 T tiép
GaAlAs 1,91 650 Ds 16-18 5 T tiép
GaAsP 2,0 635 Cam 2,0+22 5 100 | T nép
GahsP 2,1 585 Vang 22=24 5 100 | T tép
GahsP 2,2 565 L cay 24+27 5 400 | T uép
GaP 2,24 560 Lacdy | 27-30 5 - | Guép
SiC 2,5 490 Da tron 3,0 - 900 | Guép
Gallium- 3,1 400 Tim 30 - -~ [ Guép

Nitrit

Hinh 3.4. Vit liéu cua LED
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3.2.2. Phan loai va img dung cia LED

LED birc xa dnh séng nhin thiy dugc sir dung trong bdo hi¢u, man hinh, quang
cdo... con LED birc xa 4nh séng trong ving hong ngoai ding trong c4c hé thong thong
tin quang holic cdc hé théng tr ddng diéu khién hodc bao mat.

bé viéc sir dung dugc don gidn va gon nhe ngudi ta thuong ghép nhiéu LED
véi nhau, néu ghép cic cuc anot véi nhau thi céc du diéu khién di vio céc catot (diéu
khién b.ﬁng xung am) va LED goi la anot chung. Néu ghép céc cuc catot voi nhau thi
cuc diéu khién di vao anot (diéu khlen bang xung duong) va LED goi la catot chung.
Nguii ta thudmg tao LED theo céc céu tric sau:

LED don
LED déi

LED 7 doan. Day la mt td hgp gém c6 7 LED dugc diu ndi véi nhau theo hinh
s6 8 diing dé hién thj c4c s6 thap phan tir 0 dén 9.

Biing chiéu sdng LED: Py 1a tap hop nhiéu LED thanh mjt chudi véi mach td
hgp hodc khéng cé mach to hgp bén trong.
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Hinh 3.5. Cdc logi LED

3.3. LED hdng ngoai (Infrared LED, IR LED)

P&i v6i c4c hé théng thong tin quang yéu ciu tde d bit xdp xi 100 dén 200Mbit/s
cing s¢i quang da mot voi cong suat quang khoang vai chuc 1+W, cic didt phat
quang ban din thudng dung 1am c4c ngudn séng.

Hong ngoai it bi suy giam khi qua khéi bui va chit ban din nén LED hong
ngoai c6 higu sudt cao.

3.3.1. Cdu tao

Céu tao ciia LED hémg ngoai co ban la giuérng céc LED chi thi. Chi ¢6 mét diém
khic biét 12 mdt mit cua bin Eﬁn dugc mai nhdn lam guong phan chiéu dé dua anh
sang ra khoi LED theo mdt chi€u véi d¢ tdp trung cao.

Do dic diém cdu tao dic biét nén LED h&ng ngoai tao ra dnh sing nim trong
viing hdng ngoai. Ngoai ra, nhirng tia c6 huéng di vio trong 16p ban dan s& gip guong
phan chiéu va bj phan xa tr&r lai dé di ra ngoai theo cling mot huéng. Viéc niy sé ting
hiéu suét mot cich déng ké cho LED. Tia hong ngoai c6 kha ning xuyén qua chit ban
din t6t hon so véi 4nh sang nhin thiy nén hiéu suét phat cia LED héng ngoai cao hon
rit nhiéu so véi LED phét 4nh sing mau.
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GaAs (N)

; _ by
Mai nhan + |:§ -

Hinh 3.6. Cdu tao LED héng ngoai budc séng 980nm

Dé bic xa 4nh sing hong ngoai, LED hdng ngoai dugc ché tao tir vat lidu
Galium Asenit (GaAs) vdi 4§ ring vung cam EG = 1,43 eV tuong Ung vdi bic xa
budc s6ng khoang 900nm.

Anh sang phét ra

Chan cuc A=950nm
L 4 s .
GaAs (P) l [ Tiép xic P-N
................ -t
GaAsSi (N) /
, ¥
GaAs (IN) trong sudt

Chién cuc

Hinh 3.7. Cdu tric ctia LED hong ngoai birc xa budc séng 950 nm

Trong GaAs (N) tao mét 16p tinh thé c6 tinh chét ludmng tinh véi tap chiét Silic 12
GaAsSi (N) v mét tiép xic P - N dugc hinh thanh. Tuy theo nong d6 pha tap chét
Silic ta c6 bire xa véi budce séng phi hgp véi cac diém cyc dai ca céc detector (LED
thu). Mat dudi cia LED dugc mai nhin tao thanh mdt guong phan chiéu tia hdng
ngoai phat ra tir 16p tiép xidc P - N.
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3.3.2. Nguyén Iy lam viéc
Hinh sau md ta so 6 nguyén Iy du néi LED hong ngoai trong mach dién.

ﬂﬁ RB1 RBEX
— i
r:v LI
LED -
U R Y LED1 fIm:u-:
L o S

Hinh 3.8. So d6 nguyén ly cia LED hong ngoai

Khi phan cuc thuin cho diot, cic hat din da s6 s& khuéch tan qua Iiép xic P-N,
chiing tdi hgp véi nhau va phat ra birc xa hong ngoai. Céc tia hdng ngoai birc xa ra
theo nhiéu hudng khéc nhau. Nhirng tia héng ngoai ¢6 hudng di vao tr{mg céc 16p chit
bén dan, gip guong phan chiéu s& dugc phan xa trd lai dé di ra ngoai theo ciing hudng
véi céc tia khéc. Pidu nay 1am ting hiéu sudt cua LED.

Anh sang hong ngoai ¢6 dic tinh quang hoc gidng nhu 4nh sing nhin tha}' nghia
la n6 ¢6 kha nang héi ty, phén ky qua théu kinh, cé tiéu cur.... Tuy nhién, 4nh sing hong
Ngoai | rat khac 4nh sang nhin thiy & kha nang xuyén sudt qua vt cht, trong dé c6 chét
ban t;an Diéu nay giai thich tai sao LED hﬂng ngoai c6 hi¢u sudt cao hon LED chi thi vi
tia hong ngoai khong bi yéu di khi vuot qua cic 16p ban dan dé ra ngoai.

Tudi tho cua LED hﬁng ngoai dai dén 100 000 gio. LED héng ngoai khong phat
ra 4nh séng nhin thy nén rat ¢6 l¢i trong cdc thiét bj kiém so4t vi khong gy su chi .

3.3.3. LED hdng ngoai ciu tric dic biét

Pé truyén din trong sgi quang dat hiéu qua ngudi ta sir dung cic loai LED hong
. ngoai ¢6 do sang phat ra cao, ¢6 thoi gian dap (rng nhanh va hi¢u sudt lugng tr cao, d6
12 LED cu triic di thé kép. Péy 13 ciu tric dugc sir dung rit rong rai hién nay.

Hinh sau biéu dién mét LED céu tric dj thé kép (double heterostructure) bai vi
¢6 hai 16p hop kim Ga,.,Al,As loai N va P déu ¢6 do rong ving cam lom hon do rong
viing cam cua lop tich cuc Ga, yAlyAs loai N, ciling c6 nghia 12 chiét suat ciia hai lép
nay nhé hon chlf:t suit cua 16p tich cuc (trong d6 % phan tr lugng x > y). Bing
phucmg phép céu tric Sandwich ctia c4c 16p hop kim tdng hop khéc nhau, ca 2 loai hat
dan va treéng 4nh séng dugc glam giir lai trong trung tam cua lop tich cyc, (xem hinh
b). Dbng thdi sir khéc nhau vé chiét suét cua céc l6p ké cén nay da giam gilr trudmg
dnh sdng trong 16p tich cuc ¢ trung tim (xem hinh c). Sy giam giir hat din va 4nh siang
o trong lop tich cuc da lam ting d6 birc xa va hiéu sudt quang lugng tir.
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@/ Mat cat ciia LED cdu triic di thé kép loai GaAlAs véi x>y

b/ Gidn rff": nang liugng cua ving tich cuc va hang rao thé ndang cua dién
e va 16 trong

¢/ S thay doi chiét sudt trong cdc lop di thé

Hai dang co ban cia LED dugc diing cho soi quang 12 birc xa bé mit (con goi la
birc xa Burrus) va birc xa canh.

Trong birc xa bé mit, mat phéng cua viing tich cuc birc xa 4nh sing vudng géc
v6i truc x cua sgi quang nhu mé ti trong hinh sau. Trong céu tric niy mét "céi giéng"
dugc khic qua phan chit nén cia LED, sau d6 soi quang dugc gin chit vio dé nhan
anh sdng birc xa ra. Dign tich vong trdn tich cyc trong bé mit birc xa trén thuc té c6
dudmg kinh 50um va bé day dén 2,5um. Phé birc xa co ban 13 ding hudng véi do rong

chdm tia nira céng sudt 120°. Phé ding huéng nay tir mt bire xa bé mat duge goi Ia
pho Lambe, trong d6 d¢ phat séng & moi huéng déu bing nhau, nhung cong suat giam
di theo ham cos 6, véi 6 13 géc giira huéng chiéu 4nh sing va dudng vudng géc véi
bé miit. Do vay cong suét giam xuéng 50% so véi trj sé dinh ctia n6 khi 0 = 60°, dé
téng dd rong chim tia nira cong sudt 1a 120°,
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Hinh 3.10. Mt cdt ciia LED birc xa bé mdt. Ving tich cwc dwgc gidi han boi mot
ducng tron cé dién tich tuwong img véi mdt cdt dau 101 cua sgi quang

Bang truyén tiép xic
(%4r dinh difn tich ving tich cye)

Ving tich cuc

g’?‘mmm N\ /] e Céc 1op tiép xuc di thé kép
- (cé n thép hon)

43 sang
khing két hop diura

Hinh 3.11. Cdu tric ciia LED dj thé kép birc xa canh. Cham tia ra la Lambe ¢ bé mdt
ciia tiép xtic P-N (8, = 120°) va huéng vudng gbc véi 1iép xiic P-N 1a 6 L =30°.

LED biic xa canh duge mé ta & hinh trén gbm mét viing tiép xiic tich cyc va hai
16p din 4nh sdng. Ca hai 16p din quang déu c6 chiét suat thip hon cia ving tich cyc
nhung cao hon chiét suit cua céc vét li¢u xung quanh. Céu tric nay tao ra mdt kénh
din séng huéng birc xa 4nh séng theo hudng 16i s¢i quang. De ghép khit 16i s¢i quang
dudmg kinh tir 50um dén 100pm, bing truyén tiép xic dbi voi birc xa canh c6 chiéu
rong 12 50pm dén 70um. Chiéu dii cia ving tich cyc khoang tir 100pm den 150pm.
Phé birc xa ciia LED birc xa canh dinh huéng tét hon so véi birc xa bé mat, nhu biéu
dién trong hinh (8- 13). O bé mit song song v6i tiép xiic, ma tai d6 khong c6 hi¢u ung

déin séng, thi chim tia birc xa 1a phd Lambe v6i d§ rong nira- cong sudt cua 6// = 1200.
Trong bé mat vudng géc véi tiép xic, bing viéc chon d day cua 6ng dan séng, do
rong chiim tia nira- cong suét 6 L dugc tao ra nhé hon 25 dén 35°.
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Chiwong 3: LED

3.3.4. Céc mach 14i LED hbng ngoai

+ee
*~— L
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(. i
E : : gﬂm 4?m§15m ;:zﬂ
b ‘ i
: +—T : R}{H TX
T ' Infrared
I ¥ | !ﬁ}mn
b ! 10nF c (ransmiter
Lo : B
________________ i : 1 1ha
b H Intrared E
On Main cireuit $I Photo-ghode
S i GND {Recenver) B
ared Sensor Schesatic E
*—& &

Hinh 3.12. Cdc mach ldi LED héng ngoai

3.3.5. LED héng ngoai LD271

LD 271,LD 271 H
LD271L,LD 271 HL
GaAs-IR-Lumineszenzdiode
GaAs Infrared Emitter

Features

[ ]

L ]

GaAs infrared emitting diode, fabricated in a liquid phase epitaxy proggss |
High reliability :
High pulse handling capability

long leads

Available in groups

Same package as SFH 300, SFH 203

Applications

IR remote control of hi-fi and TV-sets, video tape recorders, dimmers
Remote control of various equipment

Photointerrupters
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Chuwong 3: LED

Maximum Ratings

Bezeichnung Symbol Wert Einhalt
Description Symbol Value Unit
Bewiebs- und Lagertempe ramr T, T, Oss.. =100 |°C
Operating and storage femperamre range .
Sperschichitemperanr I, 100 “C
Tunetion remperanre
Spernspannung Fa 5 v
Reverse voltage .
Durchléstuom I 130 mA
Forward current |
Stodstrom, I, =10 H5, D =0 -'IFEH 3.5 A
Surge current
Verstleistung P, 220 mW
Power dissipation
Wormewiderstand Routa 30 KW
Thermal resisrance
Bezeichnung Symbol Wert Einheit
Description Symbol Value Unit

LD 271 LD 271 H

LD 271 L |LD271HL
Strahlstorke
Radior mtensiry
I =100 mA. 7, = 20 ms I, I5(z10) | =16 mWisy
L=1A1,=100ps L e 120 mWosy

Relative spectral emission
Ler= S 1k

Hinh 3.13. Cdc thong so ky thudt LD 271

Radiant intenaity "

Single pubie. f, = 20 ps

0 o ! LS
. ; | A ’ II:'F“
‘ll 1
“ |
]'-, Tk
k] \
/
L N "

!f
100 mA

= fudph

fp=fiTy

il

] EEEEEEE!!;::

A

16

W oAl

s

—.-fl,

Hinh 3.14. Tinh chdt pho ctia LD 271
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Forward current
Ig =f(VE) single pulse, I,=20Us

Chitomg 3: LED

Permissible pulse handling capability
fp=/(0,Tc=25°C,

dury cyele D = parameter

10 H . . QHAD. 042 lﬂl OERM2IT
A mA 1
l’r !F — . ;F ! Jr
5 D= = F
4 -,-.-"‘""- __‘. r-i—T—-q +
#F 'y
= H T 1
o? v A | 47| max |'|""':,\~| ! M
> 'ﬂﬂft m ""' ] o008 (T T
r ———— L
- 01 ] J0.01
. i ™ ¥
f K Jl}" | || b ﬂﬂ..
Li | y . T
I - Bl ..
10+ b T - I
'; ——[IL — o w‘" |
; w""'—T.'._-..___“
L'! DC Hiin '!
Jﬂ-: I ]u,: || [ | :I.
POLS 2 25 3 35 4vas 107107 107 107 0t 0t s o
- Vi = 1Ip

Hinh 3.15. Tinh chét dién cua LD 271

40° 30° w” 10° 0 QKo &%

-.{ ’f N \"._._.--""-"',. -
-’,.WF . 1.0

-_u.s\ ! Pl
06 \

| I _—
L fos | . {
_ |
I I 1
0.2 \ i
| '
11T T |
20" 40" a0’ 507 w0t

Hinh 3.16. Gdc phdt xa cua LD 27]
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Chwong 3: LED

3.3.6. Ung dung
LED héng ngoai ¢6 nhidu tmg dung trong viéc truyén dir liéu bing v tuyén hay
cap quang , mach diéu khién tir xa (Remote) , do khoang céch ..

K

IR LEDSf v
o
Ra
70
()

ol .
'Y

; -fi
. !;'.

EMMITED IR

1:=7.5.

SENDER

RECEIVER

R? m"l:l
k8 - L

Time

Tolal Pariod
m > WWW.IKEALOBDIC.COM

Hinh 3.17. Minh hoa do khodng cdch
http:/fwww.ikalogic.com/ir_prox_sensors.php
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Chicong 3: LED

3.3.7. LED 7 doan
1. Cdu tric va ma hién thj dir li¢u trén LED 7 doan

r
I ——

!

I fI Ib
|

|

|

|

i

|

I

I IC
e
d i

N ——

Hinh 3.18. Minh hog Dang LED 7 doan
COM

o1 o2 o3 [+1] (-] o8 o7 D&
a b 4 d . f d
RTRNTRTORTRORT "
c d e g f

2
a b dp
Hinh 3.19. Minh hoa dang LED 7 doan Anode chung
Déi véi dang LED anode chung, chan COM phai ¢6 mirc logic 1 va mudn

sing LED thi twong tng céc chin a - f, dp sé & mirc logic 0.

So|alblc|d|e|f]|g|dp|Mahex
0 /0jofo]o|o]Ofl]| 1| 03K
I J1f{ojo|1|1|1|1| 1| 9Fh
2lojof1]jolof1]0o] 1| 25h
31o0/ofoflo|1|1]|0] 1| ODh
4 (1/of{of1[1]0f[0] 1 | 99h
510/1]0l0]1]{0/0]| 1 | 4%
6 lo|1[ofloflofof[o]| I | 41h
700001 [1f[1[1]1 IFh
g |ojojojo|of[o]o] 1| olh
9 fojof{ojof1]{0]|0| 1 [ 09h

b

Hinh 3.20. Minh hoa bang md cho LED Anode chung (a la MSB, dp la LSB)
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Chuong 3: LED

So|dp|g| fle|ld|c|Db|a]|Mahex
ol 111/0/0{0/0]0]0 0COh
L1 |1]1/t1l1]o[o[1] OF%h |
>0 110f(1]/0]/0[1]0]0 0A4h
3 1 10l1{1/0]0]0]0O 0BOh
4 1 (oj0o|1|{1]0]0]l1 0%h
5 1 lojof1jojO[l]O 92h
6l 110/(0/0[0|0[1]O 82h
7 1 1l1]l1]1]lo]l0o|0| OF8h
8 1 fol0l0]0]|0]|O]O 80h
ol 1/0/0/1{0J0[{0]0 90h

Hinh 3.21. Minh hoa bang ma cho LED Anode chung (a la LSB, dp la MSB)
2. Hién thi s liéu dang sb

Dung phwong phip quét

Khi két ni chung cac dudng dir li¢u cua LED 7 doan (hinh v&), ta khong thé
cho cic LED nay siang dong thoi (do anh hudng 11511 nhau giita c4c LED) ma phai thyc
hién phuong phép quét, nghia 1a tai méi thoi diém chi sdang mot LED va tat cac LED

con lai. Do hién tugng luu anh cua mat, ta s& thiy cic LED séng dong thi.

S

e

.Ei

Hinh 3.22. Minh hoa phwong phdp quét
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Chuwong 3: LED

Dung phwong phip chét

Khi thuc hién tich riéng cdc duong dir licu cua LED, ta c6 thé cho phép céc
LED sang dong thoi ma s& khong ¢6 hién tugng anh hudng gitra cdc LED. IC chot cho
phép luu trir dir liéu cho cidc LED c¢6 thé sir dung 1a 7418373, 74LS374.
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2 -
Vi [ i e
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bty i - T | —
= 1 s . - m
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ATRLE] e
b ot e S T T T R

Hinh 3.23. Minh hoa phwong phdp chét

3. Hién thij sb liéu dang twong ty

ICL7106, ICL7107, ICL7107S
31;?_ Digit, LCD/LED Display, A/D
Converters

The Intersil ICL7106 and ICL7107 are high performance, low power, 31/2 digit
A/D converters. Included are seven segment decoders, display drivers, a reference, and
a clock. The ICL7106 is designed to interface with a liquid crystal display (LCD) and
includes a multiplexed backplane drive; the ICL7107 will directly drive an instrument
size light emitting diode (LED) display. The ICL7106 and ICL7107 bring together a
combination of high accuracy, versatility, and true economy. It features autozero to
less than 10pV, zero drift of less than 1pV/oC, input bias current of 10pA (Max), and
rollover error of less than one count. True differential inputs and reference are useful
in all systems, but give the designer an uncommon advantage when measuring load
cells, strain gauges and other bridge type transducers. Finally, the true economy of
single power supply operation (ICL7106), enables a high performance panel meter to
be built with the addition of only 10 passive components and a display.
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Chuong 3: LED

ICL7106, ICL7107 (PDIP)

TOP VIEW
v+ [1] b 30] 0SC 1
[ b1 [2] 28] osc 2
c1 3] [38] osc3
81 [4] 37] TEST
(1s) 4 a1 [E] 36] REF HI
F1 [§] [35] REF LO
¢1 [T 4] CRrert
[ D2 [3] [32] cOMMON
c2 [0 37] INHI
. ) B2 [1 [30] INLO
(10's) « A2 E EA-Z
3 28] BUFF

m m
[

| E2 [14 [27] INT
%] V-

E

. ) 83 [i8 [25] G2 (10's)
(100°5) ¢ [ 7] c
| E3 [18] [23] A3 p (100°s)
(1000) AB4 [T9] 2] 63
(MINUS) PoL [20] 'E__‘I'| BP/GND

Cy=01,F
Gz = 0 4TuF
Cy=0.22uF
4= 100pF
Cqm0.02uF
Ry = 2dhiy
Ry = 4Tk
Ry = 100k}
Ry = 1k}
Rg = 1M

rrrrrrrrr

Fi
E
[E) ]
Y BY
TyF3
15| E3
19] aB4
POL

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL
SCALE
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Chirong 3: LED

STRAY == o =L sTRAY
L
'E' REF —-'_L- Rint -]- Caz J- CiNT
CRI:F‘H: REF HI REFLS! cpgp- BUFFER Y+ BT INT
R il S RN Qi S il O Lt e e m—————-
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(] ] SECTION
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FIGURE 3. ANALOG SECTION OF ICLT106 AND ICLT107
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FIGURE 7. ICLT106 DIGITAL SECTION
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Chueong 4: Cdc dung cu phdt hién buc xa

Chuong 4
CAC DUNG CU PHAT HIEN BUC XA

4.1. Pic tinh chung

Anh séng Ia 1 dang cia birc xa dién tir ¢6 dii buéc séng tir 0,001 nm dén lem
hozc di tan sb rat cao, 10'* > 10"*Hz. Su thay doi trang thdi néng lugng trong nguyén
tr va phin tir 1a nguén goc cua cdc birc xa dnh sdng do.

Céc 4nh sang dugc chia thanh 3 viing 1a
D$ dai budc song

Ving cyc tim
100 nm - 380 nm

D¢ dai budc séng tir

Ving 4nh sing nhin thay 380 dén 780
nm

P dai budc séng tr
Viing hong ngoai 780 nm dén 1 mm

Tan =6 (Hz)  —
10?2 103 10 10?2 10'2 10'S 10'% 1021 1024
l’l'lll!ll’!lIIIII—TIIAII'III'I'I
Tia gamma

Tia X

Kha kién

T.V. Viba

AM/FM
Song vo tuyén  Hong ngoai

-

@— T ngoai

IIJ. J. [ 1 l 1 i l b [l I i1
109 10% 107 109 102 10% 109 10-'2 1015

- Bu'dc song (m)

VAVAVAVAAAVAVRT NI T

Budc song giam, Tan s6 tang

.-

Hinh 4.1. Phé cuia birc xa dién tir
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Chuong 4: Cdc dung cu phat hién birc xa

Dic diém cia mit ngudi 13 nhin thiy céc séng dién tir  thude viing 4nh sing
nhin l‘.h;i}r. Meiit nguoi khong chi phan biét duge d¢ sang yéu hay manh, ma con phan
biét dugc timg budc séng riéng biét goi 13 dd cim mau clia mat. Nhung trong k¥ thuat
chi dung khai ni¢m budc séng chir khong dung khai niém mau sic, va ngay ca tan so
cung it dung. Céc budc séng trong thong tin quang hién nay nim & ving hong
ngoai nén khai ni¢m mau sic cang khéng cé ¥ nghia.

4.2. Céc linh kién thu quang (hiéu img quang dién bén trong)

B thu quang la phan tr o nhiém vu bién ddi tin ‘hi¢u quang thanh tin hi¢u di¢n
dya trén nguyén 1y bién déi quang = dién. Nghia la, bién d6i nang lwgng quang thinh
ning lugng di¢n. Khi cic nguyén tir dugc cung cap ning lugng dudi dang ning lugng
quang thich hop, céc dién tir & 16p ngoai ciing cia ching cé thé bét ra thanh dién tr wy
do. Bing cich ding dién truong ngoai dé thu nhan céc dién tr ndy ta s& c6 dong dién o
mach ngoai goi 1a dong quang dién c6 d§ 16n phy thudc vao cudng d¢ dnh sing chiéu
vao Tuy theo myc dich sir dung va cdu triic ma ¢6 nhiéu loai b thu quang khic nhau,
vi thé dac tinh cla chiing cling khéc nhau.

4.2.1. Dién tré quang

1| cpoden

Bén dan
nhay quang
Chat cich dién

Chan cwe ki loas

//

» —
Chén cue Vit ligu
kim loai ay quang b/ Ky hiéu
o

Hinh 4.2. Dién tro quang

FDién tré quang 1a mot linh kién bén dan thy dong, khong cé 16p tiép xidc F—N‘-,.

Vit liéu ding dé ché tao dién tré quang thudng Ia Cadmium  Sulfid
(CdS), Cadmium Selenid (CdSe), Sulfid k&m (ZnS) hodc céc tinh thé hon hep khic.
Tat ca cdc vit liéu nay duge goi la vat liéu ban dan nhay quang.
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Chuwong 4: Cdc dung cu phdt hién birc xa

1. Céu tao

Dién tré quang gum mot 16p vét liéu ban din nhay quang rai 1én mot tim vit
liéu cach dién va 2 chan dan dién. Dé chéng 4m ngudi ta boc bén ngoai quang tré mot
16p son chﬁng dm trong sudt vai vung dnh séng hoat ddng cia né. Tét ca duge boc
trong mdt vo bing chat déo c6 cira sé cho 4nh séng di qua.

2. Nguyén ly lam viéc

AREF
Ry # w3
+ cC 1K
Ece — E_.! —
R U, LOR1 100K
l 1
T —=

Hinh 4.3. Nguyén ly lam viéc

Khi chiéu 4nh sing vao vat li¢u ban din nhay quang véi nang lugng photon
16n hon hodc bing 4o rong vang cam cua vat liu, do qua trinh hap thu quang néng,
tirng cp dién tir - 16 trong méi xuat hién. Do vy, nong d¢ hat dan trong chét ban dan
tﬁng 1én, 1am dé dan dién cia né ting, hay néi cach khéc la dién trg cua chét ban din
giam xudng.

Do din dién duoge tao ra khi dugc chiéu 4nh séng la:
' 0=0() +OF
Trong do6:
» 0( - ladj din dién khi chua chiéu sdng.
e OF -d6dan dién duge tao ra do 4nh sing

= glu, +u, )Ap

3 diy An = Ap - ndng d¢ dién tir bang nong ¢ 16 trong méi sinh ra.
Dong di¢n quang dugc tinh theo cong thirc:

=qAp(u, +u,)Ewd

w.d 12 tiét dién cua l6p ban din nhay quang, E 13 cudng do dién truomg.

Qua cdng thirc trén ta tha}r do din dién clia vat liéu ban din c6 thé thay dm duge
khi ta thay déi ncmg dd hat din va d0 linh dong hi¢u dung ctia dién tir va 15 tréng. Nhur
vy, khi ta thay déi cuong do chiéu sdng 1én dién trd quang thi cudng do dong dién
trong mach ciing thay ddi theo.
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Chieong 4: Cdc dung cu phdt hién birc xa

Cic dién trd quang ¢6 kha ning khuéch dai dong dién 1én dén 10° 1an hodc hon
nira. Tuy nhién, cic gid tri nay chi phd hgp khi cuong d dnh sing khong thay déi theo
thoi gian hodc thay d6i cham. Khi tin sé bién diéu, cuong d¢ dnh sang tang thi h¢ 50
khuéch dai cua dién tré quang giam. Kha ning ddp (ng tin sb cua dién tré quang thip,
thuomg dat tir vai chuc Hz dén vai KHz.

b
(6)
100
80 1 CdSe
60 -

40

20

L

T T T T Ll
0 0.5 0.6 0.7 08 09 A {um)

Hinh 4.4. D¢ nhay quang

3. Céc tham s6 chinh ciia dién tré quang

Dién dan suat op 12 ham s6 clia mat d¢ nang lugng quang p, khi dg dai budc
séng khong doi.

op = o,(p;) khi A =const

D¢ nhay tweong déi cua dién tro quang S(A) lati s0 gitra dién dan sut thay doi
theo budc séng op(A) va dién dan sudt cuc dai a,.max khi mat dé nang lugng quang p;
khong doi.

o,(A)

P max

S(A) =

JPA

Vin téc lam viéc 1a thoi gian hoi dép cia mot dién trd quang khi ¢6 sy thay dbi
tirsdng sang 16i hay tr ti sang sdng. Véi cudng dd anh sdng manh, dién tro
quang lam vi¢c nhanh hon. Dién tré quang lam viéc cham hon khi troi lanh va cit gilr
trong béng toi.

Hé so nhiét cua dién tro quang: Hé so nhiét cua dién tro quang ti 1€ nghich vai
cudng d6 chiéu sing. Do d6, dé giam bot su thay dbi tri s6 cia dién tré quang theo
nhiét ¢, dién tré quang can dugc cho hoat dong & mirc chiéu sang toi da.

_ Dién tro rc_n Rd : Dién tro thi la dién tro trong bong tdi ctia dién tr quang. Dién
trd toi 1a tham s& quan trong, né cho ta biét "dong dién ro" lon nhat doi voi mot dign
thé rén dién trd quang.
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Chirong 4: Cdc dung cu phdt hién burc xa

Dién thé hoat dong: Tuy theo c4u tric mit na cua dién trér quang ma c6 cic dién
thé 1am viéc khac nhau. Dién thé ndy c6 thé 1én t6i 0,5 Kv/mm. Dién thé hoat dong cao
nhat do dugce khi dién trd quang hoat djng trong béng 16i. Khi sir dung dién tré quang
cén chon gi4 tri dién 4p cung cap sao cho téi wu d6i véi mach dién ma khéng 1am hong
dién tro quang.

Céng sudt tiéu tdn cao nhat: Khi dién tr& quang hoat déng can phai giir cho
nhi€t d cua né thap hon mdt nhiét do cho phép. Nhiét do cho phép cua di¢n tré quang
thudng gidi han tir - 40°C dén +75°C.

4.2.2. Photodiode — Diode quang
1. Khai niém chung

Khi chiéu sang mét tiép xtic P - N thi trén n6 s& xuat hién mot dién ép. Tuy theo
chirc nang va cdu triic ¢6 thé chia diét quang thanh nhiéu loai nhu sau

[ P16t quang loai tiép Xxic P- N.

[J Didt quang loai PIN.

Pidt quang thic (APD).

‘Mt sé dac diém cua di6t quang la rat tuyén tinh, it nhiéu, dai tan so lam viéc
rong, nhe, ¢6 46 bén co hoc cao va tudi tho cao.

Di6t quang khong nhay bing dién trd quang loai CdS nhung né lam viéc
nhanh gap nhiéu lan i

O

i
A >| K

Hinh 4.5. Diode quang

2. Vit liéu co ban

Hién nay, dé truyén dan tin hiéu quang theo 3 cira s6 suy hao nhé nhét cia sgi
quang, ngudi ta chi ¥ dén cic didt quang lam viée ¢ hai ving budc song:

Viing budc séng tir 0,85 dén 0,9 jim.
Viing budc séng tir 1,3 dén 1,6 em
Trong ving budc séng thir nhat tir 0,85 dén 0,9 sum, thi vat liéu ché tao diot
quang dugc chon 1a Silic vi Silic ¢6 d¢ nhay cao véi budc séng quanh 0,85 (im. D
rong viing cdm cia silic 12 Eg = 1,1eV va biing nang luong quang cin hép thy, ta cé
E =hw=h<
A

va s& c6 budc séng cat la: 'p = 1,1,:m.
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Trong viing budc séng thir hai tir 1,3 dén 1,6 pm can sir dung chit ban din c6
d5 rong ving cam hep hon véi EG < 0,95 eV ngudi ta thuong chon vit liéu ban dan
duoc ché tao tir cic lién két III - V nhu GaAs, InP, InAs va GaSb... Ngodi ra, ngudi ta
ciing chd ¥ dén lién két II - VI nhr PbSnSe va CdHgTe. Nh¢ thay ddi ham lucmg
phd hgp trong cdu tric HgxCd1-xTe ¢6 thé ché tao duogce cic didt quang lam viéc ¢

budc song 1,3 pm dén 1,55 pum. Thyc té da c6 loai diot quang thiac APD thir nghiém
ché tao tr vat liéu Hg0 4Cdp,6Te.

2. Didt quang loai tiép xic P - N

Lép chéng phan quang Andt

| Ec"_\L

of atar sang '

Hinh 4.6. Cdu tao cua diét quang loai tiéfp xtic P-N (a)
va phdn bo dai ndng luong cua riép xuic P-N (b).
Ciu fao
Di6t quang gdm c6 mot tiép xic P - N. Bé day cua lop tiép xic la w. Hai phén

bin din P* va N ¢6 ndng db tap chét cao. Dif}t c6 mot clra s6 dé chiéu 4nh sing vao.
Hai chén an6t A va catdt K 12 kim loai dugc néi tdi cic phan ban dan,

Nguyén ly lam viéc

Hinh 4.7. So d6 nguyén Iy dau néi diét quang
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Di6t quang duge cap ngudn ECC sao cho tiép xic P - N phdn cuwc nguge dé
tao ra mot dién truong dich chuyén céc hat dan thiéu sb sé dugc sinh ra dudi tic dung
cua anh sing. Do d6, khi chua c¢6 tic dung anh sang thi trong di6t thu quang chi ¢6
dong dién nguoc (dong dién tdi hay dong rd) rit nho.

Khi cho anh sing chiéu vio, do qud trinh hip thy, trong ban din xuét hién timg
cip dién ur - 16 tréng. Céc dién tir va 16 trdng nay dudi tic dong cua dién truong ¢
tiép xiic P - N phan cuc ngugc sé chuyén dong tréi qua tiép xic P - N va tao nén dong
di¢n goi la dong quang dién.

Linh kién cin ¢6 dd nhay cao vi né s& cho dong dién quang cao hon dé6i voi
cung cdng suit quang chiéu vao.

Tén s6 va cudng do cua dong quang dién hoan toan do tan s va cuong do cua
anh sang kich thich quyét dinh.

Di6t quang loai tlEp xic P - N ¢6 vilng dién tich khnng gian hep, 4nh sang
dugc hap thu phén 16n & trong vi‘mg ban dan 103.] P va N. Nhu vay hi¢u sudt luong tur
thap va toc d¢ dap ing thap bé ting hi¢u sut lugng tir héa va dd nhay ngudi ta ché
tao di6t quang ¢6 ving dién tich khéng gian rdng hon. D6 14 diét quang loai PIN va
diot quang thiac APD.

3. bidt quang loai PIN
Ciu tao
1 Diét quang loai PIN gém mét 16p ban din Nt ¢6 nf“)tjg do tap chit cao lam

nén, trén d6 phi mot 16p ban dan nguyén tinh I (Intrinsic), roi dén 16p ban dan loai
P* ¢6 nong do tap chét cao. Do d6 didt c6 tén goi la diot P-I-N. Bén trén bé mat cia
16p bdn dn P* Ia dién cuc vong Anét dé 4nh sdng c6 thé tham nhdp vao mién bén
dan I. Trén 16p ban din P ¢6 phi mdt 16p mong chong phan xa quang dé trinh ton
thét 4nh sdng chiéu vio.
Nguyén Iy hoat djng

Pién 4p cung cap cho didt phan cuc ngugc doc theo linh kién, vi vay lop I bi
ngheo hoan toan trong suot thoi gian hoat dong cua no.

Khi 4nh sdng di vao 16p ban din P, truong hop Iy twong mdi photon sé sinh

ra trong mién P, I hoac N mét cip dién - 16 tréng. Cic dién tir va 15 trong vira
sinh ra s& dugc dién truong manh hit vé hai phia dién cyc, tao ra mét dong dién ¢
mach ngoai va trén tai Rt thu duge mot dién dp U Ra.

Trén thuc té, mét phan dnh sdng vao bi tén thét do phan xa. Lop chéng phan xa
tao cho linh kién c6 thé dat hiéu suat tai 80%.

Déi véi silic, hé sé phan xa 4nh sang Rf hau nhu 12 30%.
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Kha ning thim nhap 4nh sang vio céc Iép ban dan thay ddi theo bude séng. Vi

the 1op ban dan P* khong duge qua day. Xéc suat a0 ra chc c@p dign wr - 16 trong
rong mién | tang 1&n theo d¢ day cha mién nay, do d6 mién 1 cang day cang dat hiéu
suat lugng tr héa cao. Nhung néu do rong cua 16p I ting Ién thi thoi gian tréi qua nd
cham hon va 1am chdm téc dé chuyén mach.

Vi
Fﬂ]j i
—> | p* I N* of
Ry

-

=== ===

Vhy >
Lo :<—<5‘: Ey
) e —
dienty  vangtréi 1.:: tréng
khhéch tan khue chitén

c/

X
Hinh 4.8. Hoat djng cua diét quang PIN
a/ Mé hinh cau tao ctia diét PIN
b/ Gian dé ndng liegng khi phdn cuc nguge
¢/ Ddc tinh phdt sinh hat dan

Trong diét PIN khéng c6 khuech dai va hiéu sudt cuc dai 1a don vi, do rong
bang tén c6 thé £idi han bai hing sb thoi gian di¢n dung - dién tré ngoai. Trén thyc té,
d$ rong bing cb thé dat 10 GHz. Diét quang loai PIN ¢6 dong dién téi rit nho nén
tiéng 6n thip hon so véi dién g quang. Vi nguyén nhian nay, diét PIN 1a b tdch
quang thong dung trong c4c hé thong thong tin quang.
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4. Pidt quang thac (APD)

Dé tang d9 nhay cia didt quang, ngudi ta cé thé str dung hiéu g gidéng nhu hiéu
ing nhén dién tir trong cic by nhdn quang dién. Céu tao cua didt quang s& c6 dang dic
biét d6 1a diot quang vai hiéu ing quang thic APD - Avalanche Photodiodes.

Didt quang thic gmng nhur diét PIN trir di¢n dp phén cyc 16n hon nhiéu dé tao
ra su nhén thac 10 vé hat din va nhu viy APD c6 khuéch dai dong di¢n boi sy ion hod
do va cham v nhén hat dn.

Cau tgo

Lép chéng phin xg

Bién cye (A) Cuémg 45 dign truimg E
Uee P r
“Pién trudmg
P I(m) téi thitu
Ug, N v *__ déionhoa
N . do va cham
Ni‘
o Ving thibc
510 BPigntTyc (K) x ¥
a b/

Hinh 4.9. Cdu tao va sw phan bé dién truong trong diot quang thdc APD.

Nhu hinh vé, 16p ban dan nguyén tinh [ trong diot P-I-N dugc thay bang mat
I6p ban din P ¢6 ndng do tap chét thap Nhu vy, mién ban din P tao thanh mien tréi
va 12 noi sinh ra céc cip dién tr - 16 trong.

bién truomg do dién dp phin cyc ngugce bén ngodi dat vao thay ddi theo cic
lép ban din doc theo didt. Trong ving trdi, dién trudomg tang chidm, nhung trong
viing tiép xiic P-N7 thi ting nhanh va tao ra mién thic tai ving nay.
Nguyén ly hoat djng

Nguyén 1y hoat ddng ctia APD co ban giéng nhur diét P-1-N.

So do nguyén ly dugc mo ta trong hinh trén. Theo so d6 niy, didt quang thic
dugce phin cuc nguge nho ngudn UCC, va tin hiéu dién dugc lay ra trén tai Ry,

Khi chiéu anh sang viao, s€ Xudt hién thém céc cﬂp dién- 16 trong mm trong
mién trdi (ban din P). Dudi tic déng cia dién truomg, cic di¢n ur trong mién P sé

dich chuyén den ving thic cua uep xiic P-N1 va roi viao viing ¢6 dién truomg manh
nén dugc ting toc. Cic dién tir c6 tdc dd 16m nay s& va cham vao céc nguyén tr khéc
dé tao ra cic cap dién ur- 16 trnng mdi. Hién tuong niy dugc goi la hién tugng ion
héa do va cham. Do d6, dong dién qua diot APD ting nhanh nhu dugc khuéch dai
lén véi hé s6 khuéch dai M. Hé sb khuech dai (hay con goi la h¢ s6 nhén) phy thudc
vio dién 4p phin cuc cho didt va né cé thé dat 1&i 200 1in. Xem hinh dudi.
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1000

500 R’ Pidt quang APD Silic

200 -
100 I~
50 | A=1060nm
20 800nm
S68nm
10
5 —
z 47
1 I L 1
100 200 300 400
Uge(V)

Hinh 4.10. Sir phu thugc ciia hé sé khuéch dai dong dién M cua diét quang APD silic
vao dién dp phdn cuc UCC ¢ cdc buéc song khdc nhau tai nhiét do trong phong.

Hé s6 nhan M ciing ¢6 thé tinh theo céng thirc
_ 1y _ 1
h - n
g I ph 1- (V/ Vd: )

Trong do:
e [, - 1a gid tri trung binh cta dong dié¢n nhan tong tai dau ra.
e Iph - Ia dong quang dién so cip chua dugc nhan, xdc dinh theo cong thirc trén,
* Vdt - dién dp danh thing tai gia tri M xéc dinh.
o n - liiy thira, 12 hing sé vat lidu c6 gia tri tir 2,5 dén 7.
e V=V0-IMRM
o V{ la dién ap phan cyc nguge cho didt:
o RM I1a dién tro néi tiép cua dibt quang va dién tré tai ctia mach téch quang
o IM la dong dién nhén & dau ra cua APD.

Ta thdy didt APD cin c6 dién dp phan cuc 16n hon nhiéu so vdi diot loai P-1-
N. Néu thoi gian cho qua trinh ion héa trong mién thic cang dai thi hé sb khuéch
dai M cang 16n, song toc d§ trdi qua mién théc s& chdm di. Cdc xung ciing s¢ bi dan
rong ra va han ché d§ rong bang tén B. D¢ danh gia kha nang lam viéc cua APD,
ngudi ta dinh nghia tich s6 d§ khucch dai va d¢ rong bang do qua trinh thic la:
M B !
=< 27
ph 2;?2.1. ( }

Trong dé: T 14 théi gian gitta 2 qua trinh va cham cia dién tir voi cdc nguyén .
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Sy tang hé s6 khuéch dai c6 thé dat dugc khi tich hé s khuéch dai - d6 rong
bing tan dat 100 GHz hodc hon. Thong thuémg, cic APD cho phép dat d6 rong bang
trén 1GHz véi gid tri Mph 16n. D€ 6n dinh gia tri Mph, ta can cap mét dién dp ngudn
Ion va 6n dinh vé nhiét do d6 chi phi dé dam bao ché do lam viéc cho APD lon hon
nhiéu so vai diot loai P-1-N.

~ Trong didt APD silic, ion hod do va cham bi di¢n tir khodng 50 lan l6n hon 16
trong va do d6 né cho ti 1€ tin hi¢u / tiéng On tot nhat.
5. Céc dic tinh va tham s ciia didt quang
Higu suit lugmg tir héa 7 12 ti sé giita sb lugng cdc doi dién tu- 16 tréng sinh ra
trén sé photon ¢6 ning lugng hv di dén v né dugc tinh theo cong thirc sau

_ I ph / q
B,/hv
Trong d6: Iph la dong quang dién trung binh sinh ra do cong suit quang
trung binh P di toi didt quang.
Trén didt thuc 1 hidu suét lugng tir héa 1) = (30 - 95)%.
D§ nhay ciia dibt quang S: (hay hé s6 chuyén doi)
D% nhay chi rd gia tri dong quang dién sinh ra trén don vi cong suét anh sdng di
dén didt. N6 lién hé véi hiéu suit lugng tir héa theo cong thirc:
s=tm_m
F, hv
Trong cdc di6t quang loai P-I-N, d nhay 1a ham ctia bude séng duge md ta ¢
hinh duéi.

Trong hiu hét cic photodiét, do nhay 12 mot ham tuyén tinh véi cong sudt quang.
C6 nghia 13, dong quang dién IPh ti 1& thun truc tiép véi cong suat quang PO chicu vio
cdu kién tiach quang, ciing nhu vy, dj nhay S la hﬁng s6 tai mot budc séng da cho.

Tuy nhién, hiéu suét luong tir hoa khong phai 1 hang s6 tai tét ca céc budc
séng vi né thay ddi theo nang lugng photon. Dan dén dd nhay 13 ham cia budc s6ng
va vit liéu ban dan.
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Hinh 4.11. So sdnh gitta hi¢u sudt ligng ti v do nhay nhu mgt ham cia budc song
cho didt quang loai P-I-N doi vai cdc vat liéu khdc nhau.

Tap 4m cia b§ tich quang

Trong cdc hé ﬂmng théng tin sgi quang, nhin chung photodi6t dugc yéu céu dé
tich céc tin hiéu quang rit yéu Viéc tach céc tin hi¢u quang yéu nhét c6 thé yéu cau
b tich quang va mach khuéch dai nep theo ciia né phai t6i ru sao cho ti s6 tin hiéu
trén tap 4m (S/N) duoc duy tri. Ti s6 tin hiéu trén tap 4m (S/N) tai dau ra ciia mét bd
thu quang dugc xé4c dinh nhu sau

S Coéng suét tin hiéu dong quang dién

N Cong suat tap Am Diode quang + Céng suit tap am mach khuéch dai
Théi gian hoi ddp

Thoi gian héi dap cua dibt quang dugc biéu thj bing thoi gian lén va thoi gian
xudng cia tin hiéu tich quang trén 16i ra khi diot quang dugc chiéu sing bing bic xa

quang dau vao. Thoi gian 1én duge do tir 10% dén 90% sudm 1én clia xung ra va thoi
gian xubng ciing duge do nhu viy.

Biép dng dién ap
% A

0%

1%

Hinh 4.12. Thoi gian lén 7, va théi gian xudng 7,
ctia ddp tmg dién dp 16i ra cua diét quang
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4.2.3. Tranzito quang — Phototransistor
1. Ciu tao

Tranzito quang c6 2 loai PNP va NPN. Ba chan cyc: cuc phat E, cuc gbc B, vi
cuc gép C. Cuc goc la bé mit duge anh sang chiéu vio, né dugc ché tao riat mong dé
¢6 dién tré nho.

Pr
sor S |

S10,

P-N
Cue gop
C I
Mat
E r_ chiéu
\\ ¢ H“O sang
B I
C | |
E I ]

Hinh 4.13. Cdu tao va ky hiéu cua tranzito guang
2. Nguyén 1y hoat djng
Trong hinh, ngudn cung cip ECC tao cho tiép xdc phat phan cyc thudn va
tiép xic gop phan cuc ngugc. Tai Ry dé sut bét mot phan di¢n dp phan cuc cho
tranzito, va liy tin hiéu dién ra.
- Khi khong c6 tin hiéu quang (hi =.0 hay IB = IPhot. = 0) trong mach chi c6
dong dién t3i IC 1éi. Dy la dong dién do céc 18 trong khuéch tan tir phdn phat
sang tGi cuc gbp va né co tri s6 nho.
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- Khi c6 tin hiéu quang dén (hv = 0 hay IB = IPhot # 0), Er phin gbc s& xuét

hi¢n céc cdp dién wr- 16 tréng. Cic 15 tréng s& di chuyén vé cuc gép tao nén

thanh phin dong quang dién Ipphm, cdn céc dién tir chuyén dong vé phia tiép
xic phat, kich thich cho su khuéch tan cia cdc hat din tai diy dé dang hon.

C Ic (ITIA}
8 A
' P h""3
- R, 6 _ [
hv é‘kﬂ N h"u":
4
te® P =l E¢c hv=0
+ 2 -
h"{u=ﬂ
- 0 3T IO 3T %UL(V)

Hinh 4.14. So dé nguyén Iy ddu néi tranzito quang
va ddc tuyén Von -Ampe ciia né

Véi so do mic cuc phat chung nhu hinh V&, ta c6 thé tinh gan diing dong dién
cue gop khi tranzito quang dugc chiéu sing ICs:

o Do cuc goc dé hé va ¢6 4nh sdng chiéu dén nén dong dién cuc goc chinh Ia
dong tin hi¢u quang IPhot.

o Hé sé khuéch dai dong quang chinh bing hé sé khuéch dai cua tranzito
trong so d6 mic cyc phat chung (M = ).

Viy, tdng dong dién trong tranzito quang khi dugc chiéu sing
ICs = BIPhot + IPphot + IC téi

Thanh phén dl‘:-ng dién t6i IC i s& han ché kha nang khuéch dai tin hi¢u
quang cua tranzito. pé khﬁc phuc han ché nay ngudi ta ding tranzito quang 3 chén
cyc dé giam dong dién tdi va ting tré khﬁng ra cua mach. So d6 diu tranzito 3 chén
cwc nhu trong hinh 28. Véi cich mic nay cdc tham s6 cua mach phu thude vao df}ng
dién cyc goc rd rét. Tai gid tr _dong cyuc goc t6i wu ndo dé6 sé& cho cic thong s téi uu
dbng dién t6i c6 thé giam xudng 10 lan, tr& khang ra tang 1én khoang 10 lan, va céc
h¢ so khuéch dai dong dién va dién dp tang 1én ddng ké so voi mach dé hé cuc gée.
Trong céc mach, tranzito quang ciing cé thé mic theo 3 cdch mic.

D6 1a cic so db: cuc gbe chung, cuc phat chung vd cyc gép chung nhu
tranzito thudng chi c¢6 khac tin hiéu diéu khién 1a tin hiéu quang.
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ra C ]
b R, YA
- B__@)

E®

a/ b/
Hinh 4.15.
a- So d6 mdc tranzito quang 3 chan cuc dé 16i 1eu cdc thong sé
b- So d6 twong dwong cuia tranzito quang: diét quang la tiép xiic goc- gop

V& mit céu tric c6 thé coi tranzito quang nhu mdt mach tich hop don gian gom
mét didt quang 1am nhiém vy bién déi tin hiéu quang sang tin hi¢u di¢n va mot
tranzito ¢6 nhiém vu khuéch dai.

) Dé c6 hé sd khuéch dai dong quang 16n, ngudi ta ding so d6 Dacling- ton
dbi véi cdc tranzito quang, xem hinh 29, Tranzito quang Dacling-ton dugc ché tao
nhu chi ra trong hinh.

C C
\\‘ Ny
N
B B
E
a/ So 46 tranzito quang Dacling ton b/ So @6 twong duong

Hinh 4.16. So dé tranzito quang Darlington

Tir so dé trong duong ta thdy do nhay phd cia tranzito quang ciing giong
nhu déi voi cac didt quang twong img, tuy nhién vi tranzito quang c6 kha nang khuéch
dai nén 4o nhay cua né cao hon diét quang khoang vai tram lan. Tan sO lam vige cla
tranzito quang thap hon didt quang. Tranzito quang lam vi¢c véi tin s6 dén vai
trim KHz (khoang 300KHz, cdon so db Darling- ton chi khoang 30KHz) trong khi
dibt quang lam viée dén vai chuc MHz.
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BPW 21

Features

* Especially suitable for applications from 350nm to 820nm

* Adapted to human eye sensitivity (Vi)

* Hermetically sealed metal package (similar to TO-5)

Application
* Exposure meter for daylight

* For artificial light of high color temperature in photographic fields and color

analysis

Characteristics (T, = 25 °C, slandard light A, T= 2856 K) (cont'd)

Bezeichnung Symbol Wert Einheit
Parameter Value Unit
KurzschluBstrom, £, = 1000 Ix foc 10 pA
Short-circuit current
Anstiegs- und Abfallzsit des Fotostromas f 1.5 ns
Rise and fall time of the pholocurrent
f=1kix lg=5V, A =550 nm; [, = 10 pA
DurchlaBspannung, fz = 100 mA, E=0 Ve i.2 v
Forward veoltage
Kapazitat, V=0V, f=1MHz, E=0 (. 580 pF
Capacitance
Temperaturkoetfizient von ¥, TGy, -26 mV/K
Temperature coefficient of V5
Temperaturkoeffizient von /g TQ, -0.05 oK
Temperature coefficient of fgc
Rauschaquivalente Strahlungslsistung NEP 7.2x107M W
Noise equivalent power JHz
Vo =5V, A =550 nm

. _ P . 12 —
Hachv.r_msgrelnze. Vg =5V, k = 550 nm D 1x 10 emx Az
Detection limit N
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Bezeichnung Symbol Wert Einheit
Parameter _ Symbol Value Unit
Betriebs- und Lagertemperatur Top Tag -40...+80 |°C
Operaling and storage temperature range .
Spermspannung Vs 10 v
Reverse voltage

Verlustleistung, T, = 25 °C P 250 mW
Total power dissipation

Kennwerte (T, = 25 °C, Normlicht A, T= 2856 K)

Chéracteristics (T, = 25 °C, standard light A, T= 2856 K)

Bezeichnung Symbol Wert Einheit
Parameter Symbol Value . Unit
Fotoempfindlichkeit, Vg =5V s 10(25.5) nA/Ix
Spectral sensitivity

Wellenlinge der max. Fotoempfindlichkeit s max 550 nm
Wavelength of max. sensitivity

Spektraler Bereich der Fotoempfindlichkeit A 350 ... 820 nm
$=10% von 5.,

Spectral range of sensitivity

S=10%0of S, .,

Bestrahlungsempfindliche Flache A 7.34 mm?
Radiant sensitive area

Abmessung der bestrahlungsempfindlichen Flache | L x B 273x 273  |mmx mm
Dimensions of radiant sensitive area Lx W

Halbwinkel ¢ +55 Grad
Half angle deg.
Dunkelstrom by =10 V

Dark cumrent

Va=5V I 2 (<30) nA
la=10mV Iy 8 (<200) pA
Spektrale Fotoempfindlichkeit, A = 550 nm A 0.34 AW
Spectral sensitivity

Quantenausbeute, X = 550 nm 1 0.80 Electrons
Quantum yield Pholton
Leeraufspannung, £, = 1000 Ix Vo 400 (2320) |[mV

Open-circuit voltage




Relative Spectral Sensitivity
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Directional Characteristics
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Photocurrent . = F(E)), V=5V

Open-Circuit Voltage V;, = r(£)
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Churong 4: Cdc dung cu phdt hién birc xq

4.3. Céc linh kién thu quang (hi¢u img quang di¢n bén ngoai)
4.3.1. Vacuum photodetectors

Ding hiéu img quang dién tao ra dong va 4p ty 1¢ v&i méat 4§ dong codng sudt
séng to1.

D& nhay cao, d4p img nhanh.
Chi yéu ding trong phong thi nghi¢m.
1. Nguyén ly
Cathode céu tao tir bé mat kim loai cong c6 phi 16p oxide.
Anode: éng mong dit tai tiéu diém cua cathode.

Phét xa dién ti tir b& miit cathode ddi héi nang luong photon dén phai du dé kéo
dién tir ra khoi cdc luc lién ket cia e- voi nguyén tr va véi bé mit cathode (do céc dién
tich dwong tao ra béi céc dién tir roi khéi beé mit).

' Ekmu =hf -W
e W: cong thoét dién tir
e h: hiing s6 planck
e f: tAn s6 photon

)
=

Hinh 4.17. Vacuum photodetectors
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Chucong 4: Cdc dung cu phdt hién bikc xa

2. Cac diic trumg co ban
Stopping voltage: Thé 4p dit dé 1am triét tiéu E__dodin=0
Tén sb ngudng: Khi séng dén ¢6 tén sb nho hon tin sé ngudng sé khong phat xa dién
tr tr cathode, 12 tan s6 \ng véi Ek= 0.
Pic trung thuin

- Tén tai dién 4p “knee voltage” ma trén d6 dong s& bdo hoa, photodiode hoat
ddng trpng mién nay.

- Dong béo hoa ty 1¢ thuin véi mat d¢ dong quang t6i H.

- Thé stop gidng nhau véi cac mat do dong quang t¢i khac nhau (chi 12 ham cua
tan so photon).

Diic tuyén ra c6 tai ding dé tinh gin diing ddng qua éng L. thé roi trén éng V_ khi
biét tai R va mét dp dong quang (Im).
Céc tinh chit co ban ciia vacuum photodetector

1/ Dong photodiode ting tuyén tinh theo mét d9 ddng quang néu tré tai nho.

;{ = const va khong phu thudc tai
3/ Cdc mach thyc té Iéch khéi 1y nrémg khi dong 16m va bé .

4/ Thé anode giam khi mat d§ dong quang ting.

2/ Trudmg hop 1y tuémg, do nhay dong S =

i Voo . -
5/ D6 nhay dién 4p Sv= % ty 1§ véi trd tai,
6/ V6i tré téi R nho, 6 nhay dién 4p gin khong ddi va dong, thé thay déi gin
tuyén tinh theo mét d¢ dong quang.
4.3.2. Photomultiplier - Ong nhan quang
Loai dén dién tir dang dé khuéch dai dong photon yéu.

Ciu triic gém bong chan khéng, photocatét C,, cc cuc trung gian C,, Cs... (con
g0i la cac dindt) va andt A.

Dong photon yéu dép vao photocatdt lam phit xa dong electron, giita cic doi
dién cyc C,C;, C,C;... ¢6 dit hiéu thé gia tc ting din, dua vio hi¢u ing phat xa thir
cap cla céc dindt, dong di¢n tir dén anét c6 thé tang Ién 10° . 10° lin.

Hién nay c6 nhiéu loai Ong nhin quang khéc nhau vé cdu tao catét quang,
phuong phdp chiéu séng, hé théng céc cuc phét xa thi cip, h¢ théng héi ty dign tr thi
cip. Ong nhan quang ding dé khuéch dai nhimg tia sdng yeu, bién thién nhanh. Pugc
str dung trong cac hé truyén hinh, truyén anh va cdc ong dém nhap nhay.
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Chuong 5: LCD

Chuong 5
LCD - LIQUID CRYSTAL DISPLAY

5.1. Nguyén tic hoat djng va cdu tao
5.1.1. Hién twgng phin cye 4nh sing

Anh sdng 1a s6ng dién tir c6 do dai tir 0.4 um dén 0.7 um. Mot ngudn sing nhu
mdt ngon dén, mdt ngon lira gbm vo sb cac hat phat ra 4nh sdng. Céc hat nay 12 céc
phan tir, nguyén tir hay ion.

Hinh 5.1. Lan truyén séng dién tic

Cac s6ng dién tir phat ra bai céc hat dé c6 vecto cudng do dién truong E hudng
theo tit ca moi phuong ﬂ}ﬂng goc vé phuong truyén tia sdng. Anh sing nhu viy duge
£0i 1a dnh sdng ty nhién. Vay dnh sﬁng tu nhién duoc coi la gﬁm v0 s cac dao dong
thing, phin b6 déu nhau theo tit ca moi phuong thing géc v6i phuong truyén ciia tia
sdng, khong c6 mdt phuong nao duge vu dai.

Néu bing cach ndo d6 ta 1am mit sy déi xtng ndy cia céc phuong dao dong
sdng thi dnh sing d6 dugc goi 1a dnh sdng phan cuc.

C6 thé c6 4nh sdng phan cuc mot phan hay 4nh sdng phan cyc hoan toan.

Su phin cuc (Polarization): Hién tugng vector dao dong bj gigi han phuong dao
dong.

Anh sing tu nhién: Vector E dao dong theo moi phwong

Anh sing phén cyc: Phuong dao ddng cuia vector E khong con tinh dbi ximg
xung quanh phuong truyén nira.
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* +

Hinh 5.2. Anh sdng khong phan cic hay phan ciec mgt phan

- 1. Hi¢n twgng phan cyc do phin xa
Anh séng ty nhién bj phan xa qua mét bé mét véi mét géc thich hop sé bi phén cuc.
2. Dinh luét Brewster

Pé c6 dnh sdng phin cuc hoan toan do sy phan xa trén mjt bé mat cua mot moi
truong trong suot, goc t6i i phai c6 mét tri 6 x4c dinh thy thude vio ban chit cia mbi
truémg va dugc tinh bai ¢ong thic

fgi=n
n 1a chiét suit cia mdi truomg
Gée i duge goi 1a géc Brewster (ig)
Néu méi trudng t6i 12 thiy tinh ¢6 n = 1,5

tgip = 1,5. Suyraig = 57°.

Hinh 5.3. Anh sdng phdn cuc Brewster
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Chwong 3: LCD

3. Hién twong phin cire do truyén qua mdi truomg dj hwémg

The Picket Fence Analogy

direction, s vertica] vibes tion canmake 1t through both fences.

‘When the pickets of the second fence are horimantal, vertical
wibza tions which make it through the first fence will be blocked.

~ Hinh 54. Anh sdng phan cwe do truyén qua méi trucng di hwong

.
5.1.2. Mt chi thj tinh thé léng (LCD - Liquid Crystal Display)

LCD c6 nhimg lgi diém sau:
e Rét it ton dién, khoang 10pW
e Chir sb hién 16 rang dé doc & noi ¢6 nhiéu 4nh sdng
e Cau triic phang, dep, ¢6 do bén co hgc cao
e C6 thé dugc diéu khién truc tiép bing cic linh kién TTL, hay CMOS
e (6 thé chi thi nhirg diu hiéu phirc tap
Tuy nhién, LCD ciing c6 nhirng bat lgi sau:
e Doi song twrong ddi ngin so véi LED
e Khi troi i chi c6 thé doc duge véi 4nh den tir bén ngoai hay chiéu tir
phia sau
e Thoi gian tit va mé tuong d6i cham
Véi nhimg tinh chit nhu trén, LCD dugc ding 1am mt chi thj cho dong ho,
mAy tinh, mdy do digital, cic dong ho trong xe hoi, trd choi tré em.... LCD la linh
kién thy dong, né khoéng phat sdng, cang dé doc hon khi chung quanh cang séng.
Ngay nay da c6 LCD mau. Thoi gian tit mé ciia LCD loai méi ciing céi tién
nhanh hon dé diing 1am mit méan hinh Tivi, mdy tinh cd nhén....
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1. Khai niém
Mit hién thj tinh thé 1ong LCD ( Liquid Crystal Display ) la linh kién tao ra anh kha

kién nho diéu khién sy truyén séng qua mdt qué trinh phén cyc. Céc den dién phét quang
thuomg duge ding nhu céc nguén 4nh séng den cho img dung hién thi tinh thé Iong.

Miit chi thj tinh thé 1ong — LCD — khéng phai la linh ki¢n ban -::lan quang dién
tu. LCD dugc che tao dudi dang thanh va {:ham ma tran LCD c¢6 tubi tho kha cao
tir 10000 gir dén 100 000 gidr va ngay nay né thay thé din céc mit chi thi loai LED,
Plasma hay huynh quang.

2. Vit liéu
Tinh thé long sir dung trong LCD la nhitng hop chat hiru co. Céc phin tr cia
tinh thé long nay dugc phén bé sao cho céc truc doc cua chiing nim song song véi nhau,

Hi¢u ung quang hoc ding cho LCD chi han ché trong khoang "khong d{mg
huémg”, do vay dai nhiét do lam viéc cua LCD bi han ché va x4c dinh béi hai diém
nhiét 46 néng chay va nhiét d6 trong sudt.

Hién nay, c6 nhiéu hang dién tr ché tao cdc loai LCD nhu Hitachi, Sharp,
Seiko, Samsung, Hanntronic, Optex, Phillip, Powertip,... Théng dung nhat 1a LCD cua
hang Hitachi. '

C4c LCD trén ¢6 khéc nhau vé

* Kich thuge: c6 loai kich thudc nho, trung binh va Ién. Loai kich thuée nhé cho
céc thiét bi di¢n tr 56 dung trong gia dinh. Loai kich thudc thudce trung binh
cho c4c thiét bj dién 1 s6 dung trong cong nghi¢p va ti vi. Loai kich thuéc lon
danh cho man hinh dé hoa va cic bién quang céo.

e Céch trao doi tin: song song (cho céc thiét bj & gdn) va ndi tiép (cho cac thiét bi
o xa).

* Hién thj: Chit/ s6 hay hinh anh (dd hoa).
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Hing Ky hiéu | Matrin Congdung | Loai

Optex DMC 5%7, 1 hay 2 dong | Cho thiét b1 s6 | Chil/s, song song
Sharp LM 5%7, 1 hay 2 dong | Cho thiét b s6 | Chi¥/sé, song song
Hitachi HD 44780 | 5x7, 1 hay 2 dong | Cho thiét bj s6 | Chii/sd, song song
Seiko KS0066 |57, 1 hay 2 déng | Cho thiét bi s6 | Chi¥/so, song song
Hanntronic | LCM1 5%7, 1 hay 2 dong | Cho thiét bj s& | Chi/sd, song song
Matrix Orbital | LCD4021 | 124x64 Cho quang cao | Chii/sd, ndi tiép
Matrix Orbital | LCD4021 | 240x64 Cho quing cdo | Chi/sd, noi tiép
Hanntronic 128x240 Cho quing cio | D6 hod
Hanntronic 240%64 Cho quéng cdo | D6 hoa
Hanntronic 320x240 Cho quéng cao Er?' hoa

Powertip NCL 128x64 Cho quing c4o | D6 hoa

Powertip NCL 240%128 Cho quang céo | D6 hoa

Hinh 5.5. Cdc logi man hinh tinh thé long (LCD)

3. Ciu tao ciia thanh LCD

Céu tao cia LCD gém ¢6 2 tdm kinh ddt cich nhau khoang 10¢m. Mat phia
trong cta 2 tam kinh trang mot lop oxit kém (Zn0O) trong sudt 1am hai dién cuc. Xung
quanh bén canh hai tam kinh dugc han kin, sau d6 db tinh thé long vao khoang giira 2
tam kinh va g&n kin lai. Hai tdm nhua cé tinh phéin cyc anh siang dugc dan bén ngoai
hai tim kinh sao cho hinh anh phan chiéu ciia mat chi thj dugc nhin tir mot phia nhé
guong phan chiéu,

Tém nhira phén cuc thi 2 Guong phan chigu

Kinh

Bifn e
trong sufit

Tinh thé ling

Tém nhya phin cyc thir |

Mt nﬁi quan st

Hinh 5.6. Cdu tao cua mét thanh LCD

Ah sang chifu vao



Chuong 5: LCD

4. Nguyén Iy lam viéc
Ché do phan chiéu:
» Khi chua c6 di¢n 4p dit vao, cdc thanh LCD khong 1am viée thi dnh sang sé di
qua tim nhiura phén cuc tha nhét, qua chét tinh thé long qua tdm nhya phin

cuc thir 2 dén guong phan chiéu va phan chiéu tré ve phia ngudi quan sat va
thanh LCD khéng nhin thiy - Mat chi thi trong sudt.

» Khi c6 dién dp cung cép cho thanh LCD, truc dii cta céc phan tir chét tinh
thé long duge dinh huéng theo huéng cia dién truong. Nhu vy, anh sang
di qua tim nhywa phin cuc thir nhit sé bi thay dbi do chit tinh thé da hoat
héa, do d6, dnh sang khong thé di qua tAm phén cyc thir 2 dé phan chiéu lai
bing gwong phan chiéu. Nhu __J,hé thanh tinh thé 16ng chju tic dong cua dién
trudng s& bi toi di.

Vai 2 mang loc phan cyc 900 ta c6 nén ciia mit chi thj trong sudt vi nhimg
chir, s6, ddu hiéu t6i den. Day 12 mat chi thi hoat dong & ché d¢ phan chiéu.

Nhugc diém cua ché do phan chiéu 1a mét chi thi phai dya vao ml;:rt ngufm
sdng tir bén ngoai. Néu khong c6 4nh sdng ngoai hay trong mét phong tdi thi mat
chi thi s& khéng nhin thiy.

Ché dg thong sdng:

» Neu 2 mang loc phan cyc song song thi ta c¢6 mit chi thi c6 ncn tdi va cic chir,
s va ddu hiéu sé trong sudt. Loai nay thich hop vai viéc chiéu sang tir phia
sau mit chi thi va ta goi la ché do thong séng.

O ché do nay, 4nh sang di qua cic phan khong hoat héa nhung duge dwa vao
khudn bang cic thanh hoat héa. Vi vay chir s6 da chon s€ nhin thdy. D€ anh sang chiéu
déu, can c6 mot tim kinh tdn xa dit gitra LCD va ngudn sang.

LCD nay ding di¢n 4p xoay chiéu tir 3V dén 8V, thoi gian hién sé 1a 100
msec va thoi gian tat tir 200 msec dén 300 msec.

Mt sau khing
Mt sau phin xa
— I-/' phinza | C—3 -~
Arh sing A7 u B H
dﬁp/ ] Adh
- — :ing
Anh san & N mat
phan chifu sau
) — 1 T/
Anh sing cﬁ/n

& Ché dd phin chifu b/ Ché d5 théng séng

Hinh 5.7. Ché dé lam viéc ctia LCD
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5. Ciu tao LCD mau
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Hinh 5.8. Cdu tao LCD mau

Polarizing filter (B§ lgoc phén cuc) diéu khién Anh sdng di vao va thodt ra.
Glass substrate (Hop chiit thuy tinh dac biét) loc chin di¢n tir cic dién cuc

Transparent electrodes (Pién cyc trong subt) 12 cdc thanh din dién trong sudt
cho phép anh sdng xuyén qua.

Alignment layer (Sip xép 16p) 12 hai bé mat c6 ranh, & giita 1a cdc phan tir tinh
thé 16ng, c4c phan tir dugc s&p xép theo hinh xofn dc 90 .

Liquid crystals (Cac tinh thé long).

Spacer (Khoang tréng) duy tri khoang cdch déu giira céc tim kinh.

Color filter (Bd loc mau) mau duoc loc va thé hién khi diing cic bd loc R, G va B.

Backlighting (Anh sﬁng phia sau) Anh sang dugc chiéu tir phia sau man hlnh
xuyén qua céc 16p trén. O man hinh di¢n thoai, nguoi ta sir dung anh sang chiéu tir
xung quanh sau d6 dung 16p phan xa dé hudng 4nh sing chiéu thing géc véi man
hinh tir sau vé phia trudec.

Mau duge hién thi nho cic bd loc mau danh cho mdi thanh phfin hién thi, trong

hé thf}ng ma trin diém, céc diém mau do (R}, xanh 14 (G), xanh duong (B) nhdn dugc
do str dung cac by loc mau, ba mau co ban trén két hop lai cho ta mét diém anh, moéi
diém mau s& cho mdt mau cé cuong dd sang khic nhau, mét diém anh c¢6 thé cho vo
s6 mau va 12 mau tdng hop duge tir ba mau co ban trén.
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6. LCD véi hi¢u img trudmg

Man dnh LCD diing cho may tinh va tivi dugc che tao v6i k¥ thuét mang méng
transistor TFT — (thin film transistor) hay k¥ thuét cdu triic hinh soi chi xodn STN
(super twisted nematic).

Vi ky thudt STN, gitra hai tam kinh 1a mgt 16p mong chit long hiru co dic biét
c6 phén tir véi kich thude kha dai. Chat 16ng nay la tinh thé long ding dé ngét m¢& dnh
sang. Vi 16p phu trén hai tdm kinh, ngudi ta tao nhimg khe cuc bé véi kj thuat mai
dac biét.

Céc khe nay chay doc theo cling mdt huéng va duge ding dé dinh hudng céc
phén tir tinh thé 1ong theo cich co hoc. Céc phén tir tinh thé 16ng sip xép theo huéng
cdc khe nay. Vi nhirng lyc giita cdc phan tr tic dung 1an nhau, céc phan tir luon dinh
hudng theo phin tir ké bén. Sy dinh huéng nay duge bat dau va tiép dicn tir cac khe
cuc nho trén tant kinh. Vi huéng cua cac khe tim kinh trén thing géc véi huéng céc
khe cta tdm kinh dudizdo d6 céc phan tr bi cudng bire theo hai hudng nay. Hudng
cta truc cic phén tr theo tirng 16p bi lam 1éch tudn tu tir tim kinh ndy sang tim kinh
kia. Bén ngoai hai tim kinh dugc phu hai mang loc phan cyuc chi cho 4nh sing xuyén
qua theo mdt mat phang dinh hudng. Vi dinh huéng cia kinh loc phan cyuc tring voi
hudéng cua cdc khe cho mdi tim kinh, cho nén hai huéng ca kinh loc phan cuc xoay
nhau mét géc 90°. Vi ring mat phing cla 4nh séng xuyén qua mdt kinh loc phan cuc
s& xoay theo hudng cua cic truc cua cic phan 1 tinh thé l6ng, cho nén mat phéng dao
dong cua dnh séng cling dugc xoay di mot géc 90° va nhu thé 4nh séng c6 thé Xuyén
qua kinh loc phén cuc thir hai. O trang thii khong cé dién 4p man anh sé& trong subt va
cho dnh sing di qua.

Duéi tic dung cua dién trudng cic phin tir tinh thé 16ng dinh hudéng theo chiéu
dién trudng — mot dudong thing. Khi miat kinh duge phi mét 16p dan dién va dugc
diing nhwr dién cuc, khi c6 dién dp, cic phén tir xoay di va nim theo truc thing géc véi
hai tim kinh.

Nhu thé, mit phing 4nh sdng khéng bi xoay, hai kinh lgc c6 chmu phén cyc
thé’mg gbc nhau s€ khong cho dnh sang xuyén qua. O diém nao trén hai tim kinh c6 su
chong ldp hai dién cuc, & ddy cho ta mét diém téi theo hinh thit v d¢ 16n ciia sy chdng
lip cua hai dién cuc. Trong nhirng man anh LCD, dién cuc_ la cic phan doan hay
nhung diém ctia mdt ma trdn. Cho min anh LCD mau, truéc mbi diém anh 12 mét kinh
loc mau. Ba diém mau do, xanh 14 ciy, xanh da tréi tao nén mot diém anh mau.

~ Nhu thé mét man anh LCD mau véi cing d6 phan giai nhr man anh mdt mau
¢6 50 diém Pixel nhiéu gip 3 lan.
Céc man anh LCD hién nay déu can dugc chiéu sang tir phia sau béi c4c dén huynh
quang, tim dan quang, soi dan quang bang chat déo hay mang nhya dién phét quang.
Pé cho 4nh sdng chiéu déu, can ¢6 1 tim kinh t4n xa dat gira LCD va nguon

sing. Chi c6 khoang 3% dén 5% 4nh séng dén mit ngudi xem. 50% 4nh sing bj hap
thu bai kinh loc phan cuc va 30% bdéi kinh loc mau. Hang 3M da ché tao mot mang
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nhya. Trén diy cé hiang tri¢u ling kinh cuc nho dua anh sang tur ngudn sﬁng chiéu
lhfmg g6c vol man anh. Diéu nay rat quan trong cho céic thiét bj cam tay can tiét ki¢m
dién. Man anh LCD néu trén la loai thu djng STN N6 dugc dl{:u khién bdi mot ma
tran hai chiéu gom céc duong dan dién trong sudt. O céc vi tri cdt nhau cia cic duomg
din dién trén hai tim kmh cho ta mgt diém anh. Ma trén dugc vin dong theo phuong
phap quét cho nén van tdc cham. Néu hinh anh thay ddi nhanh, nhitng béng hinh anh
s€ dugc tao ra. Pé tranh nhirng nhugc diém nay, loai man anh LCD tich cyc TFT dugc
phat trién. Mdi diém anh 1a mot transistor riéng biét trén mot trong hai tam kinh dugc
tao nén véi k¥ thuat mang mong. V&i k¥ thudt nay, ngudi ta dat do phin giai cao, hinh
anh c6 thé thay d6i nhanh hon va véi dién truong cao hon cho ta hinh anh ¢6 d¢ turong
phan ro nét hon.

Vi ki thudt TFT ¢6 hang triéu transistor dugce hinh thanh trén tAm kinh.

Mot trong nhirng nhugc diém cia man anh LCD 12 géc nhin khd bé (15 dén 40
grad, vong tron = 400 grad = 360%. Vi ky thudt IPS (in — Plane Switching — Mode)
hay Super — TFT ta dat géc nhin dén 140 gmd Vai ky thudt nay 2 dién cyc va
transistor cho mét diém anh dugce ché tao trén ciing mot tdm kinh. Dién truong duge
hinh thanh khong & giita hai tdm kinh ma gitra hai dién cyc trén cung mét tam kinh.
Néu khéng ¢6 dién cuc c4c phén tr nim song song voi cdc khe cuc nhé trén mit tim
kinh. Su xoay theo hinh xoén 6c¢ ciia cdc phan tr trong tinh thé 1ong khong dugc tao ra
theo phuong phip mdi niay. Vi mang loc phin cyc c¢6 dinh hudng 90° cho nén khi
khong c¢6 dién 4p diém anh t6i di.

Khi c6 dién dp, cac phin t tinh [hé long vin nim song song voi mat kinh
nhung xoay di mot goc 90° trong mat phﬁng ndm ngang vi dién truong gilra hai di¢én
cuc ndm thing géc véi cdc khe trén tam kinh. Dién trudong cang lom, su xoay cic phin
tr cang manh va anh sdng lot qua cang nhiéu.

5.2. Mach di¢n diéu khién LCD

Phan doan tinh thé long va mach dién tuong duong cia né dugc md ta
trong hinh 8- 21a,b. Trong hinh v& c6

-a : dién cuc cua mdt phan doan
-b : dién cuc chung.

-RK : dién trd cua céc vit liéu giira ngudn dién va phén doan tinh thé long
(khoang vai K1).

-RS : dién tré cia tinh thé long (khoang vai M())

- Cs : dién dung giita hai cuc dién cia mdt phan doan tinh thé long (khoang tir
100pF = 200pF , 300pF cho LCD loai 16n).
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Dién dung CS khéng gay anh huéng & tan s lam viéc tir 30 Hz dén 150 Hz,
hodc 200 Hz.

af cf
b U,
U 0
U. i i Ll I i I
U, 0
l Mét sau (Back- plane) 0
b/ b1 Hiéu dién the a/b
¢
Ry Uy
U< 0
._l_ Lo o ,
U,
Cs Uy 0
Rs ! Vo
+U ‘
0
a -U

Hiéu the a’b
Hinh 5.9. Mach dién diéu khién LCD
a- Phéin doan LCD vai cdc chdn dién cuc.
b- Mach dién trong dwong cua mét phin doan LCD.

¢- Hai dién cuc a va b ¢é dién dp ciing pha.

d- Hai dién cuwc a va b cd dién dp nguwoc nhau.
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Véi céc tin sé < 30 Hz, céc chir sé bi chap chon; va véi tén s6 > 100 Hz, dién
4p kha cao, cic phan doan khdng c6 di¢n dp cung bi chdp chon. Dé han ché hién
tugng ndy, cic phan doan khéng sir dung phai noi vai di¢n cyc mét sau (Back -plane).

Trong hinh (c) cho ta thdy, khi dién 4p trén hai dién cuc a va b cia phan doan
LCD cing pha thi hi¢u thé cua phan doan la 0V nén n6 khong ¢6 kich hoat.

Trong hinh (d) Khi hai dién cuc a va b ¢6 di¢n 4p ngugc nhau thi hiéu thé giira
dién cuc a va dién cuc b 12 mét dign 4p xoay chiéu vdi bién d6 bang 2Up va phén
doan LCD dugc kich thich hoat dong.

Nhu da biét, dé LCD 1am viéc ta cn mdt dién dp xoay chiéu khong c6 lan
dién 4p mot chiéu. V4i dién 4p mot chiéu ldm, mang di¢n cyc trong suot tir chat
Indium/ oxit k&m bj khir thanh Indium/kém. Mang dién cuc s& toi di va LCD bi mi.

LCD 7 doan séng
2 D
il
£ pumm
Tl 5
d
BP a hJE efg
JUUL JL _1
Vio xoay chugu 3UHZ 1
a =
1 Al B8 _:i?{_'u*
B e L+
DB lm LY
|
— BCD ’—IiI!.J-L
I C | thash e
e '=—]J.._J_r|_
0 D |doan =1
— —
. =_1_I'L

Hinh 5.10. Hoat dong cua LCD vdi bg gidi ma 7 doan sang
va cong X-OR (CMOS).

LCD thong thudng, yéu cau dién &p mdt chiéu ldn vdo phdi < 100mV; con
LCD mau yéu cdu dign &p mdt chidu 1in vio phai < 50mV. Do véy, ta nén ding mach
diéu khién v6i IC ho CMOS s& cho ta_mot di¢n dp it méo nhat. Vi LCD c6 cong
suit thip nén ding cic cdng CMOS diéu khién Ia tot nhat. Hinh trén mo ta hoat dong
ciia mit chi thi LCD 7 doan vai bd giai md BCD thanh 7 doan.

Theo nhu hinh trén, mot phan doan trén mt chi thj LCD s& tr¢ nén den néu né
ngugc pha véi B.P.( dién cuc Back plane); né s& tr¢ nén trong sudt néu dién 4p trén nod
ciing pha v&i dién 4p trén B.P.
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5.2.1. Céc tham sé chinh ciia LCD

Tham s6 Don vy min Loai tlf:u max
chuan

Khoang nhiét d§ lam viéc 'C 10 +60
Khoang nhiét do du tri¥ 'C .25 +70
'Bléﬂ ﬁp ldm 'n'iét V[ ] 3 4,5 i]
Thanh phén de mv 100
Tén 56 diéu khién Hz 30 200
Dong tiéu thu ning luong nA/mm’ 15 30
Th gian lén ms 40
Thiti gian tat ms 80
Thi gian lén + thot gian tat ms 250

Hinh 5.11. Bang tham sé cia LCD.

e Thoi gian 1én: Thoi gian lic ¢6 tin hiéu dén khi LCD hién thi

¢ Thoi gian xudng: Thoi gian tir lic khong con tin hiéu dén khi LCD khong con
hién thi
5.2.2. Nguyén tic diéu khién hién thj LCD

DB0-DB7 Common

— > Dot matrix LCD parel

Contraller
RS &E;Evu Seguent signals {10 H ﬁ‘
R | Seaal Segment Segn-nnt - Segment
Driver ) Driver Driver
]
E liming )

Hinh 5.12. So d6 khoi nguyén tdc diéu khién hién thi LCD
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. Céc LCD cua cédc hang khic nhau nhung déu c6 mét ciu tric va tinh na
thong nhat vé hé 1énh va cich lép trinh.
So db khéi:
Trén hinh ta thdy LCD c6 so d6 khéi gom:
e Man hinh tinh thé 16ng ma trin diém (dot matrix LCD panel).
e Vi mach diéu khién (controller & driver IC).
e Céc bd diéu khién cic doan (segment driver).
5.2.3. Segment driver ding IC 4543
BCD to 7-segment latch/decoder/driver
HEF4543B

DESCRIPTION

The HEF4543B is a BCD to 7-segment latch/decoder/driver for liquid crys
and LED displays. It has four address inputs (DA to DD), an active HIGH lai
disable input (LD), an active HIGH blanking input (BI), an active HIGH phase inj
(PH) and seven buffered segment outputs (Oa to Og). The circuit provides the functi
of a 4-bit storage latch and an 8-4-2-1 BCD to 7-segment decoder/driver. It can inv
the logic levels of the output combination. The phase (PH), blanking (BI) and la
disable (LD) inputs are used to reverse the function table phase, blank the display 2
store a BCD code, respectively. For liguid crystal displays a square-wave is applied
PH and the electrical common back-plane of the display. The outputs of the device
directly connected to the segments of the liquid crystal. '

5 3 2 4

Oa DB D¢ )
1}L0 LATCHES

[ ] l
718l DECODER

HEERERER
§1FH DRIVERS

0g [0 [% |9 [0c 05 [0,

14 |15 [13 2 I 10 |9

[16] [15] [1a] [13] [12] [1] [to] [o]

Vpp Of Oy O Oy Oc Op O,

() HEF45438

LD De Dg Dp Dy PH BI Vgg

O Tzf (a1 [a] [s) (e [2) L&
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FUNCTION TABLE
Notes
1. H = HIGH state (the more positive voltage)
2. L =LOW state (the less positive voltage)
3. X = state is immaterial
4. For liquid crystal displays, apply a square-wave to PH.
For common cathode LED displays, select PH = LOW.
For common anode LED displays, select PH = HIGH.
4. Depends upon the BCD-code previously applied when LD = HIGH.

FUNCTION TABLE
INPUTS OUTPUTS
LD | Bl (PH®| Dp De Dy D, 0, O O, Oy 0, Oy OI DISPLAY
X H L X X A X L L L L L L L blank
H L L L L L L H H H H H H L Q
H L L L L L H L H H L L L L 1
H L L L L H L H H L H H L H 2
H L L L L H H H H H H L L H 3
H L L L H L L L H H L L H H 4
H L L L H L H H L H H L H H 5
H L L L H H L H L H H H H H ]
H L L L H H H H H H L L L L 7
H L L H L L L H H H H H H H B8
H L L H L L H H H H H L H H g
H L L H L H L L L L L L L L blank
H L L H L H H L L L L L L L blank
H L L H H L L L L L L L L L blank
H L L H H L H L L L L L L L blank
H L L H H H L L L L L L L L blank
H L L H H H H L L L L L L L blank
L L L X X X X 3 (5
as above H as above inverse of above as above
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-

5.3. Hién thj s6 do so ligu dang twong tr diing IC 7106

ICL7106, ICL7107, ICL7107S
31/2 Digit, LCD/LED Display, A/D
Converters

The Intersil ICL7106 and ICL7107 are high performance, low power, 31/2 digit
A/D converters. Included are seven segment decoders, display drivers, a reference, and
a clock. The ICL7106 is designed to interface with a liquid crystal display (LCD) and
includes a multiplexed backplane drive; the ICL7107 will directly drive an instrument
size light emitting diode (LED) display. The ICL7106 and ICL7107 bring together a
combination of high accuracy, versatility, and true economy. It features autozero to
less than 10uV, zero drift of less than 1uV/oC, input bias current of 10pA (Max), and
rollover error of less than one count. True differential inputs and reference are useful
~in all systems, but give the designer an uncommon advantage when measuring load
cells, strain gauges and other bridge type transducers. Finally, the true economy of
single power supply operation (ICL7106), enables a high performance panel meter to
be built with the addition of only 10 passive components and a display.

N
? 'i 1-|I|
Ry
c;c 2
Ry Re 2 DISPLAY
Cy=0.1pF
ﬁ I- 2|l I—"_“-I = Ca=0.4Tu
N o

Ca= 0,220
5 o C4=100pf
B Cg=0.02yl
R-: = 24ki1
Rp = 47K
Ra = 100k{
Rq=1k02

Rg= 1M

TE$TE Ly

™
=
&

osc 3 [38 }~

]
)
=]
=
w
w
[
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