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Tom tat: 

Hai hi thiit bi quang diin tu ddc biet, dua trin nguyin tdc ciia su biin ddi thdi 
gian- khdng gian vd hdm tu tuang quan, dd dugc nghiin ciru vd phdt triin d Viin 
Vgt ly di dg dd ddi thdi gign ciia cdc xung dnh sdnh laser cue ngdn. Cdc thiit bi 
dugc ehi tgg dd cho phep do dugc cdc xung dnh sdng laser cd do ddi picd-gidy 
(W'^ gidy) a trong edc chi do hogt ddng Igser cd tdn sd xung ldp lgi thdp hoac 
tdn sd xung lap lgi ego. 

Abstract: 

Bgsing gn the lime-spgce trgnsformgtign gnd the autocorrelation function, two 
different auto-correlators as specific opto-electronic devices are investigated and 
successfully developed at the lOP in order to determine temporal duration of 
ultra-short laser pulses. These auto-correlators were well used to measure low 
and high -pulse repetition rate, picosecond laser pulses. 

I. Mo dau 

Cac laser phat xung anh sang cue ngan (10"'^-10''^ giay) dang dong vai tro quan trpng 
trong nghien cuu cac qua trinh dong hpc xay ra rat nhanh, doi hoi phan giai ve thai gian rat 
cao a trong cac ITnh vuc vat ly, sinh hpc, boa hpc [1-3]. Doi vai cac xung laser cue ngan, 
ngoai cac dac tnmg ve nang lugng va pho phat xa laser thi cac dac trung thai gian cua xung 
(dp dai xung, dang xung...) la cac thong so quan trpng, chiing la ca sa de img dung laser hoac 
danh gia va toi uu hoa trong cong nghe laser. Trong khi do, cac thiet bj dien tir hien dai do 
giai ban ciia bang thong, khong the do dugc true tiep cac xung laser cue ngan nay. 

Trong bao cao nay, chiing toi trinh bay cac nghien ciin va phat trien hai thiet bj do do rong 
thai gian ciia cac xung laser cue ngan. Cac thiet bj do nay dua tren nguyen tac: su bien doi 
thai gian - khong gian ciia anh sang laser va ham tuong quan (correlation function). Day la 
phuong phap do gian tiep, sir dung xung laser cue ngan de do luong chinh no. 

II. Nguyen tac cua phuotig phap 

Gia sir co hai tin hieu dugc mo ta bai hai ham phu thugc vao thai gian^F(t) va F'(t). 
N I U ta da biet mot trong hai ham do, ching han ham F'(t) - ham thir, thong qua viec xac djnh 
ham tuong quan (correlation function) G(z), dugc bieu dien bod [1] 

-H» 

G ( r ) = \F'{t)F{t + z)dt (1) 
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chiing ta se xac djnh dugc ham F(t) con lai. 6 da>', G(z) la ham tuong quan bac nhat. 

D I do cac xung laser cue ngan, chiing ta khong c6 "ham thir" cue ngan, nhung c6 the 
diing chinh xung laser de do chinh no, \'i vay phuong phap nay dua tren viec xac dinh ham tu 
tuong quan. Ham tuong quan va tu tuong quan dugc chia thanh nhieu nhom khac nhau. Tuy 
nhien, trong pham vi ung dung cho cac do luong xung laser ngan a day ta chi dl cap tod cac 
ham tu tuong quan khong nen. Ham tu tuong quan khong co nen bac n dugc xac dinh theo 
bieu thuc [1]: 

00 

\[E{t)E{t + z,)...E{tyz,_,)Ydt 

G^'^\z„z„..., r „ _ , ) = - ^ (2) 

\E^''{t)dt 
- X 

Mgt each tong quat, de xac djnh day dii eae dac tnmg cua xung laser (dang xung, dp 
rong xung. cuong dp, pha) can phai xac djnh cac ham tuong quan c6 bac khac nhau. Ve mat 
thuc nghiem, cac ham tu tuong quan c6 the do dupe nha cac qua trinh da photon. Chang ban, 
ham tu tuong quan bac 2 co the xac djnh nho sir hap thu 2 photon hoac sir phat hoa ba bac 
hai; ham bac 3 co the xac djnh bang sir hap thu 3 photon hoac su phat hoa ba bac ba... Tuy 
nhien, Viec sir dung ham tu tuong quan bac 2 va 3 la dii de mo ta mot so dac tnmg thai gian 
ciia xung laser [1]. 

Trong thuc te, de do dp rong xung laser cue ngan nguai ta chii yeu sir dung ham tu 
tuong quan bac 2 c6 dang sau [1]: 

oo 00 

\E^ {t)E^ {t + z)dt \l{t)I{t + z)dt 

\E'^{t)dt \l^dt 

l\t) 

Mot dac diem quan trpng do la dang ciia ham tu tuong quan phu thuoc vao dang xung 
laser I(t), do vay moi lien he giira dp rong cua ham tu tuong quan Ax (FWHM) vod dp rong 
ciia xung laser At (FWHM) ciing phu thuoc vao dang xung. Trong khi do ham tu tuong quan 
bac 2 la ham doi xtrng khong phan anh thong tin gi ve dang xung, vi vay khong cho ta biet 
chinh xac dang xung laser dugc do. De xac djnh dang xung va dgng hpc pho (chang ban su 
tan sac - chirp, sir dieu bien pha...) ta can phai sir dimg cac ky thuat khac nhau nhu phuang 
phap each tir quang hpc phan giai tan so FROG [4]. 

De diing ham tu tuong quan trong do luong dp rong xung laser cue ngan, ta can phai 
chpn mot dang xung phii hgp de tir ham tu tuong quan do dugc co the nit ra nhiing dac trung 
cua xung laser. Tren thuc te, nguai ta thuang chpn xung laser ban dau co dang sech^(l) hay co 
dang Gaussian, tuy vao ket qua do dp rong xung voi dang xung nao cho ket qua gan diing 
nhat gia trj thuc nghiem. Bang 1 trinh bay quan he giira Ax va At doi vai mot so dang xung. 

Tren ca sa nguyen tac tren, chiing toi da phat trien hai he do dp rong xung laser cue 
ngan: he thir nhat dua tren nguyen ly do tu tuong quan cuong dp, sir dung bp djch chuyen tjnh 
tiln lam thay doi thod gian tre giira hai xung (Hinh 1) dl do xung laser c6 tin sl thip; he thu 
hai dua tren nguyen ly do tu tuong quan (cuong dp hoac giao thoa) sir dung cap guong quay 
lam thay doi nhanh thai gian tre giira hai xung (Hinh 3) dl do xung laser co tin sl lap lai cao. 
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Bdng I 
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III. Nghien cihi va phat trien cac he do do rgng xung laser cue ngan 

/ / /•/ . He do do rgng xung laser cue ngdn cd tan so lap lgi thap 

He do dp rong xung laser cue ngan dugc thiet ke theo cau hinh giao thoa kl Michelson 
(Hinh 1). Vai cau hinh he do tu tuong quan cuong dp (Hinh la), xung laser tai guong chia 
chiim (1) dugc chia thanh hai chiim vai ti le 50%. Chiim thu nhit, tai guong phan xa (2) dugc 
dat CO djnh, phan xa quay ve va truyen tai thau kinh (4) - day gpi la nhanh c l djnh ciia giao 
thoa ke co chieu dai 1. Chiim thu hai, tmyen tai lang kinh (3) (dugc dat tren mot bp vi djch 
chuyen tjnh tien) va tmyen ngugc lai tai guong chia chiim rli tai thiu kinh - nhanh nay c6 
the thay doi chieu dai trong khoang 1 ± Al (gpi la nhanh tre). Sau do hai chiim tia (khong ding 
true) dugc hgi tu vao tinh the quang hpc phi tuyin KDP (5), tin hieu boa ba bac hai phat ra 
sau tinh the dugc thu tren photodiode (6) va sir ly tren may tinh (7). 

I (2) 

xung laser vao xung laser vao 

* 

E(t) 
iL ^ (3) 

(1) 

(4) , 

(b) 

(5) 

( 6 ) -

(7) 

AL 

(8) 

( ^ ^ ^ ^ 

FPinh I; Cdu hinh cdc bd tit tuang quan tren ca sd giao thoa ki Michelson di do do 
rdng xung laser; a) Do tu tuang quang cuang do vd b) Do tu tuang quan giao thoa. 

He do dp rong xung laser nay da dugc phat trien tai Vien Vat ly de do xung laser mau 
500 fs, tin sl lap lai xung la 10 Hz [5]. He nay da sir dung cac bp khulch dai tich phan va bp 
ghep nii may tinh PCL-71 IS (PC-Labcard). Hien nay, he do nay sir dung card am thanh ciia 
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may tinh nhu la bp chuyin doi tuong tu - so va hien thj ket qua tren may tinh. Do \'ay, \'iec 
phat triln he do dugc don gian va kinh te ban, hoat dong ciia he do dugc dieu khien bai 
chuang trinh tren may tinh. 

Chiing toi da sir dung he tu tuong quan tren de do do rong xung laser cue ngan dugc 
phat tir laser Nd:YV04 khoa mode do Vien Vat ly phat trien [9-11]. Cac ket qua do ham tu 
tuong quan cuong dp ciia cac xung laser nay dugc bieu dien tren Hinh 2, do rong \'et tu tuong 
quan cuong dp la Ax « 20 ps, gia thiet xung laser c6 dang sech^(t) thi dp rong xung At ~ 12 ps. 

». 
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Hinh 2; Vit tu tuong quan cudng do cua xung laser rdn Nd: YVO4 khda mode. 

III.2. Phdt trien he do dp rgng xung laser circ ngdn co tdn so lap lgi cao 

Vai he do dp rong xung laser sir dung bp djch chuyen tjnh tien (Hinh 1), do dac diem 
cua phep do lay trung binh tin hieu theo thai gian nen khi do vod cac xung laser cue ngan co 
tan so lap lai thap (Hz) thi thai gian thuc hien mot phep do kha dai (ca vai phiit). Do vay, dieu 
nay gay kho khan cho viec quan sat va viec danh gia nhanh dp rong xung laser trong qua trinh 
dieu chinh quang hpc va toi uu hoa qua trinh boat dong cua laser. 

PMT 

Chiim tia tai 

Hinh 3: Sa do nguyen ly hi do nhanh do rdng xung laser cue ngdn [5]. 

Vai cac laser khoa mode, tan so lap lai xung laser thuang rat cao (vai chuc MHz) [9-
11]. So xung laser trong mot don vj thod gian dugc tang len rat nhieu (hang chuc trieu lan), vi 
vay ve nguyen tac chung ta co the giam thod gian ciia phep do xuong rat nhieu - tire la gan 
nhu do "tuc thofi". De thuc hien dilu nay, ta phai biln dii rit nhanh dp tre Al ciia nhanh tre. 
Giai phap do la thay bp djch chuyen tuyen tinh bang he guong quay [6-8]. Cau hinh he do 
nhanh dp rong xung laser theo nguyen ly nay dugc mo ta tren Hinh 3. Ve ca ban. he do nhanh 
dp rong xung laser dugc thilt kl dua tren ciu hinh giao thoa kl Michelson: nhanh thir nhit cl 
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djnh, vai chilu dai khong doi 1; nhanh thir hai co chieu dai thay dii bing each sir diing cap 
guang phing dugc dat song song va each nhau mot khoang 2R tren mot true quay co djnh, khi 
he guang quay thi chilu dai nhanh thu hai thay doi trong khoang 1 ± Al. Nhu vay, sau moi 
vong quay chiing ta co thi quan sat dugc vet tu tuong quan (dugc the hien tren man hinli dao 
dong ky). Dp lech quang trinh cue dai giira hai nhanh ciia he do sau mot chu trinh quay ciia 
guang phu thuoc vao ban kinh R, tic dp quay va vi tri tuong ho cung nhu dien tich cua_ hai 
guang. Dp lech quang trinh cue dai quylt djnh dai thai gian ciia xung laser ma he co the do 
dugc. Cac tinh toan ly thuylt cho kit qua, dp lech quang trinh sau mot chu trinh quay dugc 
xac djnh theo bieu thirc sau [6]: 

Al« 
4d.sin2v|;.sin\|/ 

(2 - cos2v|/) 
(4) 

trong d6: v la goc tai tao bai chiim tia laser vai mat guong quay thir nhat Mi; d - la duong 

kinh ciia guong quay. Khi vt; = 7r/4 thi dp lech quang trinh cue dai: A1 = V 2 d 

Khi he guong quay vai tin s l / ( c h u ky quay T) thi mli lien he giira dp rong vet tu tuong 

quan Ax thu dugc vai dp rong xung laser thuc At dugc bilu dien theo cong thuc (3) vai gia 

thilt xung laser c6 dang sech^(t) va goc tai ban dau \\i = n/4'. 

At 
8.71.R.AX 

l,54.c.T 1,54 T 
2 -" -^^10- ( s ) (5) 

Vai he do guong quay (Hinh 3), chung toi da sir dung R = 7,5 cm va cap guong quay c6 
duang kinh d = 3 cm, nhu vay pham vi dp rong xung laser rna he co the do dugc trong dai tir 
hang tram femto-giay (10"'^ giay) din 50 pico-giay. Chu y ring ciu hinh he nay cho phep do 
theo ca nguyen tic ham tir tuong quan cuong do hoac ham tu tuong quan giao thoa vai mot su 
thay dii dan gian. Chirng toi cung da do dp rong xung laser dugc phat ra tir mot laser 
Nd:YV04 khoa mode [9-11] vlt tu tuong quan cuong dp do dugc bilu diln tren Hinh 4. 
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Hinh 4; (a) Tdn sd quay cdp guang 1,5 Hz. 
(b) Vit tu tuang quan cudng do quan sdt tren dao ddng ky. 

Vai he laser Nd:YV04 khoa mode co tin s l xung l^p lai f = 40 MHz, ket qua do dp 
dai xung laser cua no dugc trinh bay tren Hinh 4. Vod tin sl quay cua he guong f̂ t = 1,5 Hz 
(Hinh 4a). Hinh 4b thi hien vlt tu tuang quan cuong do do dugc tren dao dgng ky, tuong img 
vai do rgng xung la At « 12,2 ± 0,2 ps. 
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A T * 1,45 ms 
f,„, = 2 Hz 

IDr!r 
Kinh 5; Vit tu tuang quan giao thoa quan sdt dugc trin dao ddng ky. 

Tuong tu khi sir dung he do tu tuong quan giao thoa (Hinh lb), kit qua do cac vlt tu 
tuong quan giao thoa dugc bieu dien tren Hinh 5. Vai he laser Nd:YV04 khoa mode co tin sl 
xung lap lai f = 40 MHz, tan so quay ciia he guong frot = 2 Hz, kit qua do do rgng xung laser 
thu dugc la: At « 11,8 ± 0,2 ps (Hinh 5a). Hinh 5b la kit qua do vai laser khoa mode co tin sl 
lap lai f = 8,8 MHz, tan so quay guong frot = 2 Hz, dp rong xung thu dugc la At * 12,2 ± 0,2 
ps. 

Qua cac ket qua do dp rong xung laser ran Nd:YV04 khoa mode cho thiy, dp rong 
xung laser thu dugc ca 12 ps (cho ca hai phuong phap do tu tuong quan cuong do va tu tuong 
quan giao thoa va cho ca tmong hgp tin sl xung lap lai 40 MHz va 8,8 MHz). Kit hap vai 
ket qua do dp rong pho ciia buc xa laser Nd:YV04 khoa mode, gia trj tich ciia dp dai xung va 
dp rong pho ciia laser khoa mode la ca 0,7 (Ax x Av ~ 0,7). Gia tri nay xip xi giai han Fourier 
vai xung c6 dang sech^(t) (Ax x Av ~ 0, 315). Dilu nay chiing to ring cac laser Nd:YV04 
kh6a mode da phat dugc cac xung laser cue ngan xap xi gioi ban cho phep. 

IV. Ket luan 

Chiing toi da nghien cuu va phat trien thanh cong 02 he do dp rong xung laser cue 
ngan theo nguyen ly tir tuong quan. He thir nhat co nhanh tri sir dung bp djch chuyin tuyin 
tinh, dugc sir dung do cho cac xung laser cue ngan tan so xung lap lai thap. He do thu hai co 
nhanh tre sir dung cap guong quay, he do nay chi ap dung doi vai cac xung laser cue ngan c6 
tan so xung lap lai cao (tren KHz) va cho phep do "tuc thai" dp rong xung laser cue ngan. Cac 
he nay da dugc sir dung de do do rgng cua cac xung laser pico-giay phat ra tir he laser ran 
Nd:YV04 khoa mode. 

V. Loi cam on 

Cac tac gia cam on sir ho trg tai chinh tir D I tai KH&CN vl Laser ciia Vien Khoa hpc 
va Cong Nghe Viet Nam. 
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