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Muc dich: Givip ngudi doc hiéu ré hon vé nguyén Iy do lwong hat tai dién tw do dudi

tac dung kich thich cua laser b%ng phuong phap do hip thu cam ung
Tén bdao cao:
PHUONG PHAP PO HAP THU CAM UNG PE XAC PINH LUQONG
HAT TAI PIEN TU DO DUOI TAC DUNG CUA ANH SANG KIiCH THICH
Nguyén Xuén chung
B mon Vit ly, khoa Khoa hgc Co ban
Tém tit

Viéc xac dinh néng do hat tai dién trong céc linh kién quang dién va trong cac vat li¢u
dong vai tro quan trong trong nganh khoa hoc do luong. Bao cao nay gidi thi€u, gidi thich
nguyén 1y hoat dong va cac wu nhuoc diém ciia phuong phap hp thy cam tmg. Trong hé do
hép thy cam tng, mot tia laser xung véi tan sé ldp cao va cong suat 1on duge st dung dé
kich thich mau dé tao ra hat tai dién. Tia laser thtr hai véi tan sb lap cao gap doi tia noi trén
voi cong suét th?ip hon dugc st dung dé kich thich hat tai dién trén vung dan. Sy léch vé
thoi gian gitra hai tia duoc diéu chinh dé khao sat qua trinh dich chuyén muc ning luong
ctia cac dién tir ty do. Ty s6 giita cudng do hap thu cia tia thtr hai khi két hop va khi khong
két hop véi tia thir nhat ty 1é thuan voi ndng do hat tai dién trén ving dan. Bao cdo ciing

trinh bay cac nguyén nhan gy ra tin hiéu gia, phuong an khic phuc.

1. PAT VAN BE

Hién nay, céc thiét bi quang dién dugc su dung rat nhiéu trong thuc té nhu cac
photodiode, pin mit troi, camera... do ching c6 nhiéu tinh ning quan trong. Mot trong
nhiing yéu d6 quan trong quyét dinh chat lugng va hi¢u qua lam viéc cua thiét bi 1a do nhay
sang. PO nhay sang duoc dinh nghia 1a ty sb gitra lugng dién tich ty do duoc sinh ra dudi

tac dung ctia anh sang kich thich va sd luong hat photon 4nh sang kich thich d6. Nhu vay,
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viéc xac dinh néng do hat tai dién 1a rat quan trong va can c6 cac phuong phap xac dinh mot
cach dinh tinh. D4i v6i hau hét cac vat lidu ban dan, hat tai dién tw do dugc sinh ra trén ving
dan s& nhanh chéng tai hop véi 16 trong & viing héa tri, hodc tai hgp véi cac mire nang lugng
sai hong mang tinh thé, thoi gian tai hop tiy thudc vao loai ban dan, c6 thé tir vai chuc ns
td1 vai chuc ps. bdi voi cac chuyén murc nang lugng cua dién tir tu do t6i cdc muc tap hoac
cac mirc nang luong sai hong do sai hong mang gy ra, thoi gian tai hop thudng ngin ¢ ps,
cac phép do dién hodc do phat xa thudng kho phat hién do bi han ché vé do phén giai thoi
gian. Dic biét dé phén tich qua trinh dich chuyén murc ning luong cta dién tir trén ndi ving
dan, d6 phan giai thoi gian cia phép do 1a rat quan trong va can c6 nhimng ngudn laser véi

do rong ctuia xung rat ngan (dudi ps) dé co dugce cac phép do c6 do tin cdy cao.

Viée xac dinh lugng hat tai dién ty do thuong duoc do béng cac phép do dong dién hoac
phan tich phd phat xa va phan tich qu4 trinh phan ra hat tai dién. Tuy nhién cac phép do nay
chi do duoc luong dién tir tu do da tai hop, khong do duogc ) luong hat dién tir tu do ngay
sau khi kich thich anh sang. Phuong phap do hap thu cam tng s& dap tng dugc cac yéu cau
vé do phan gidi thoi gian va bién do hép thu cua cac dién tir trén vung dan, do vay lugng hat

dién tr tu do s€ dugc tinh.

2. PHUONG PHAP PO HAP THU CAM UNG
2.1. So do6 hé do hap thu cam tng
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Hinh 1. So' do hé do hdp thu cam iing va dé thi biéu dién cwong do cia tia pump va

tia probe theo thoi gian.



Hé do hip thu cam tng, hay con goi 1a hé pump-probe, bao gdm hai ngudn laser, thong
thudng 1 cic ngudn xung voi cong sudt cao, ddng thoi phan xung laser phai dam bao rat
hep, c¢& khoang vai chuc fs (107%s). Tan s6 lap ctia xung laser théng thuong 1a vai kHz dé
rit ngin thoi gian do ludng. Thong thudng hai tia laser dugc tao ra tir mot ngudn laser co
ban nham gitp qua trinh diéu 1éch pha gitta hai tia nay dé dang, tia thir nhat c6 tic dung kich
thich electron trong ban dan tir ving hoéa tri 1én ving dan, tia nay dugc goi 1a pump (hay
kich thich). Tia laser thir hai thuong c6 cudng d6 nho hon tia pump va dugc dung dé kich
thich hat tai dién ty do tir ving dan 1én muc ning lugng cao hon, tia nay dugc goi la probe.
Tia probe c6 thé 1a anh sang don sic hodc 14 4nh sang c6 nhiéu budc song khac nhau (nhu
anh sang tring). Ban dau, hai tia nay duoc tao ra cing mot ngudn laser va cé cung tan sb
lap. Tuy nhién, tia pump dugc chiéu qua 1 banh xe chan sang (chopper) ¢ cac ctra s6 dugc
khoét cach déu nhau, téc d6 quay cua chopper duoc diéu chinh sao cho khi cac xung lién
tiép ciia tia pump t¢i thi choper chi chan xung thir nhat va cho xung tht hai chay qua cira s6
duogc khoét, xung thir ba lai bi chin (xem trén hinh 2). Qua trinh nay duoc lap di lip lai theo
thoi gian. Nhu vay tan sb 13p cia tia pump bang mot nira 1an tin s 1ap cuia tia probe.

Trén hé do c6 dat mot thiét bi co tén 1a “delay track” nham thay doi d6 tré giita tia probe
va tia pump. Delay track 13 mot dudng ray va cé cac guong phang dugc truot trén dudng
ray, cac gwong nay chuyén dong dugce nhd motor bude. Pong thoi, cac gwong nay ludn ludn
dam bao duoc tryc chuan véi nhau trong qua trinh chuyén dong. Khi thay d6i khoang cach
clia cac guong ndy thi thoi diém tia probe dén mau ciing bi thay ddi theo. Sau khi di qua hé
théng guong, thau kinh, kinh phéan cuc, delay track va kinh lgc, tia pump va probe phai dam
bao chéng 1én nhau tai mat phéng ctia mau. Phé cua tia probe dugc ghi lai trén camera CCD.
Cudng do hap thu cam tng duoc tinh bang cong thic:

Ino pump — Iwith pump

IA =
Iwith pump

IA: cudng do hip thu cam tng
Ino pump 12 cuong do tia probe khi khong c6 ¢o tia pump

Lwith pump 12 cuong do tia probe khi c6 tia pump

D thi biéu dién sy thay ddi cudng d6 hap thu cam tng theo thoi gian tré thuong c6 dang
nhu hinh 2. Pudng biéu dién hap thu cam mg c6 dang giéng ham phan ri exponential véi

hang s6 phan ra ¢& vai chuc ps. Gid trj dinh cta do thi ty 18 thuan voi luong hat tai dién tu
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do c6 trén ving dan ngay sau khi tia pump xuat hién. Dé tim ra duoc s6 hat dién tr mot cach

dinh luong, cudng do cua tia pump va probe can duoc xac dinh mot cach dinh luong.
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Hinh 2. Két qua do hap thy cam iing, qud trinh suy giam cwong dé hdp thu cam ing theo

thoi gian dwoc ghi voi do phan giai toi ps.

3. CAC UUDIEM VA HAN CHE CUA PHUONG PHAP PO HAP THU CAM UNG
3.1. Uu diém ciia phwong phap hip thu cim tng

Xéc dinh nong do hat tai dién str dung hé do pump-probe c6 nhiéu vu diém nhu so
v6i cac phuong phap do tinh chat quang khéc.

Poi véi nhitng mau cé hiéu sudt phat xa thcfp: viéc tinh toan néng do hat tai dién tu
do c6 thé dugc thyc hién théng qua phép tinh s photon phat xa tir mau dudi tac dung cua
anh sang kich thich. Tuy nhién, véi mot s6 mau co hiéu suit phat xa thép thi tin hi¢u trén
nhiéu s& rat kém. Véi cac miu co nhiéu sai hong mang hodc cac tap chét, viéc xac dinh s
photon phat xa ciing rat khé khian. Phuong phap do ludng hap thu cam tng s& khic phuc
duoc cac nhuoc diém noi trén.

Tranh diege mot sé loai nhiéu: khi sit dung cac phép do dién dé xac dinh nong do hat
tai dién, ty sb tin hiéu trén nhiéu phu thudc rat nhiéu vao nhiéu dién, dic biét 1a song dién
tir trong moi truong xung quanh. Tuy nhién d6i v6i phép do hap thu cam tng, séng dién tir
trong moi truong anh hudng rat it t6i tin hiéu do.

D6 phan gidi theo thoi gian rat cao: Hé do pump-probe sir dung cac ngudn laser c6
dd rong cua xung laser rat ngén, & vai chuc fs, dic diém nay rt hitu ich cho viéc khéo sat
qué trinh dich chuyén mirc ning luong cua dién tir trong nguyén tir ban dan. Do phan giai

phu thudc vao thoi gian tré clia tia probe, thoi gian nay phu thudc vao khodng céach céc
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guong phang trén delay track va chiéu dai ndy c6 thé thay doi tiy y. Thoi gian dién tir dich
chuyén tir cac murc ning luong & phia trén ving dan xudng day ving dan vao khoang ps,
trong khi phép do hap thu cam tmg c6 thé cho do phan giai dudi ps, do vay qué trinh dich
chuyén muc nang lugng cua hat tai dién s€ dugc ghi mot cach chinh xac.

3.2.  Cac han ché ciia phwong phap do héap thu cam ing

Yéu cdu vé trang thiét bi: Phuong phap do hip thu cam tng yéu cau hé do rat dat
tién, cac thiét bi trong hé can c6 d6 chinh xac cao va do bén theo thoi gian do céc thiét bi
hau hét dugc phoi trong tia laser cong sut cao. Pong thoi hé ciing yéu ciu mot khong gian
rat rong do kich thudc ciia hé kha cong kénh

Sw an toan cho nguoi su dung va cong viéc bao duong: Do h¢ su dung laser cong
suit cao, do do rong ciia xung laser rat nho nén cong suat tirc thoi cua tia laser 1a rat 1on.
Diéu nay gy ra sy nguy hiém cho ngudi thyc hién cac phép do néu mic 18i. Pong thoi khi
bao dudng hé théng, cac tia laser cling can duoc bat va kiém tra, k¥ thudt vién cling can phai
rat can than trong qua trinh thao tac.

Tin hiéu gid trong phép do: Phép do hap thu cam Gmg yéu cau c6 d6 chinh x4c va ty
my cua ngudi thyc hién phép do. Sy 1éch truc chuén cac tia laser 14 sai 1am rat d& méac phai,
dic biét voi hé laser co thé thay ddi dugc bude song. Khi budce song thay doi, do hép thu
laser ctia thiét bi, chiét suat ctia cac thiét bi trong hé ciing thay ddi dan dén duong di cua tia
laser bi thay ddi theo, tinh truc chuan cua hé khong dam bao. Ngoai ra, hiéu ing bdo hoa

hat tai dién ciing dé xay ra, vi vay can phai c6 cac phép do xac nhan trudce khi két thic.

. KET LUAN

Phép do hép thu cdm Ung dé tinh s luong hat tai dién tir do co rat nhiéu vu diém, dic
biét 12 d6 phan giai thoi gian. Dwa vao dang d6 thi ctia hip thu cam tng, cac tinh chat khac
ctia vat liéu ciing ¢ thé duoc suy luan. Tuy nhién, phuong phap nay c6 nhiéu yéu cau nhat
dinh, déac biét va chi phi mua may ciing nhu quy trinh bao dudng, day 1a mot trong nhiing
kho khin cho nhiéu phong thi nghiém ¢ Viét Nam. Do vy, tily theo yéu cau vé do chinh
xac ma phép do hip thu cam ung c6 thé duoc 4p dung hodc co thé st dung phuong phap

khac c¢6 do chinh xac chép nhén dugc va cé gia thanh thép hon.
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