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Measurement of the Third-Order
Nonlinear Optical Coefficient of
ZnO Crystals by Using ICCD-Z-
Scan

We present an image-intensified
charge-coupled-device (ICCD)
version of 21-scan by employing
an ICCD detector and fixing the
sample at the beam waist, and a
measurement of the third-order
nonlinear optical coefficient of

Po Hé S6 Quang Phi Tuyen Bac
Ba cua Cac Tinh Thé ZnO bang
k¥ thuat Z-scan ICCD

Chlng t6i gigi thiéu bién thé
thiét bi tich dién kép ting cuong
anh (ICCD) cua ky thuat Z-scan
st dung detector ICCD va cb
dinh mau tai c6 chum, va do hé
sé quang phi tuyén bac ba cua
tinh thé kém oxit (ZnO). Gia tri
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single crystal zinc oxide (ZnO).
The x® value of —9.1 X 10~15
cm2/W  measured is in
agreement with the published
result. Our Z-scan configuration
of placing sample at beam waist
and collecting the whole
wavefront by an ICCD detector
Is simple and can be deployed in
cryogenic research where the
sample cannot be Z-scanned.

The invention of the Z-scan
method W in 1989 was a heroic
work as it can give the sign and
magnitude of the third-order
nonlinear optical coefficient of a
sample with great experimental
simplicity. Since then, many
modifications to the original Z-
scan  version have  been
proposed, including the off-
centre Z-scan,f2l elliptical (disc)
Z-scan,f3l and the charge-
coupled-device (CCD) Z-scan.M
The  biggest  distinguishing
feature between these varying
methods is whether the complete
wavefront is detected with a
CCD detector, or only a portion
of the wavefront is cropped with
a small aperture. A relatively
novel CCD version of Z-scan has
been carried out by previous
authors, whereas what we put
forth here considers two aspects:
firstly, a very sensitive and very
dynamic ICCD (image
intensified CCD by an MCP)
detector is used so that the whole
laser beam profile is measured
for low energy per pulse
avoiding red-herring nonlinear
processes in some specimens
(two-photon absorption in ZnO,

X® do duoc la —9.1 X 10~15
cm2/W phu hop véi nhitng két
qua di dugc cdng bb. Cau hinh
Z-scan cua chung toi diat mau &
cd chum va ghi nhan toan bo mit
dau séng bang detector ICCD
don gian va cd thé trién khai
trong nghién ciu nhiét do thap
trong d6 chung ta khong thé dich
chuyén mau theo phuong z.

Phat minh ra k¥ thuat Z-scan vao
nam 1989 la mot cong trinh cO y
nghia to 16n vi nd gidp ching ta
cac dinh dau va do 16n cua hé so
quang phi tuyén bac ba thong
qua thi nghiém rat don gian. Ké
tir d6, nhiéu bién thé cua phién
ban Z-scan ban dau di dugc dé
Xuat, bao gém Z-scan léch tam,
Z-scan nhat thuc (dia) va Z-scan
thiét bi tich dién kép (CCD). Su
khac biét lon gitra nhitng k¥
thuat nay l1a toan bé mat dau
song dugc phat hién bing
detector CCD, hay chi mét phan
mat dau séng duoc cho qua khe
nho. Phién ban Z-scan CCD
tuong d6i mai la d3 duoc tién
hanh trudc day bai mot sb tac
gia, trong khi d6 nhitng gi chung
t6i dua ra & day xét dén hai khia
canh: Detector ICCD rat nhay va
linh hoat (CCD tang cuong anh
hoic MCP) dugc dung dé ghi
nhan toan bo bién dang chum ddi
V6i nang luong trén xung thap
nhim tranh xac dinh sai léch céc
qua trinh phi tuyén trong mot sb
mau (chang han nhu hap thy hai
photon trong ZnO); thir hai, mau
duoc ¢ dinh tai c6 chum thay vi
dich chuyén doc theo khoang
Rayleigh. B4 tri thi nghiém nay




for instance); secondly, the
sample is fixed at the beam waist
instead of scanning through the
Rayleigh range. This
experimental configuration is
suited for cryogenic or similar
situations where samples cannot
be moved. The aperture Z-scan
must use a reference beam to
remove any laser intensity
fluctuations by normalization.
The present ICCD-Z-scan can
avoid this complexity so that
only a few image frames or even
a single shot are enough to
acquire the whole wavefront due
to our ICCD’s ability of being
synchronized to the laser.
Therefore, the overall sensitivity

is better than other Z-scan
methods.

It is known that ZnO is a room-
temperature ultraviolet (UV)

emission 5,61 material and bulk
samples are readily available. Its
UV lasing at about 380 nm
makes it attractive to UV laser
and UV sensor manufacturers.
Its third-order nonlinear
coefficient is lower than that of
CS2 by about an order of
magnitude. Our measured x®
value compares well with the
published results which were
obtained through the aperture Z-
scan with reference
normalization.

The fundamental physics behind
the numerous Z- scan versions is
that the wavefront of a laser
beam is modified after the beam
propagates through a thin slab of
third-order nonlinear optical
materials because an additional

thich hop trong cac nghién ctru
nhiét do thap hoic tuong tu ldc
ndy ching ta khong thé do
chuyén miu duoc. Z-scan khe
phai ding mét chum quy chiét
dé loai bé nhiing dao dong
cudng d6 bang céch chuan hoa.
Z-Scan ICCD hién tai c6 thé
tranh dugc sy phic tap nay vi
thé chi mot vai khung anh hoic
tham chi mot shot duy nhét ciing
du dé thu dugc toan bo mat dau
song do ICCD c6 kha ning dong
bo hba vai laser. Do @6, do nhay
tong thé téi hon cac phuong
phéap Z-scan khac.

Chlng ta biét ring ¢ nhiét do
phong ZnO phat xa anh sang cuc
tim (UV) va nhitng mau dang
khéi hién di c6 mat trén thi
trrong. Kha nang phat laser &
budc song khoang 380 nm cua
n6 di thu hat nhirng nha san xuat
laser UV va cam bién UV. Hé sb
phi tuyén bac ba ciia n6 thap hon
CS2 khoang mét bac @6 lon. Gia
tri do chung t6i do dugc phu hop
t6t vai nhitng két qua duoc cong
bd trude day thu duoc qua ky
thuat Z-scan khe véi chum quy
chiéu.

Ban chat vat Iy co ban cua vo sb
phién ban Z-scan 1a mat dau
séng cua chum laser bién d6i sau
khi cham truyén qua mot mau
vat liéu quang phi tuyén bac ba
mong do d¢ dich pha ty 1€ voi
cuong do chum tuc thoi. Do do,




phase shift is proportional to the
Instantaneous beam intensity.
Therefore, any technique capable
of detecting this wavefront
distortion from either the full
wavefront or a portion can be a
potential Z- scan. The aperture
Z-scan version senses about 40%
of light intensity in the far-field
region via an aperture, and so do
other versions. It IS
straightforward that the whole
wavefront  detection gives
comprehensive information and
the third-order nonlinear optical
coefficient inferred from the
whole beam profile has high
accuracy.

ky thuat nao c6 kha nang phat
hién sy méo mat dau séng nay tir
toan bo mit dau séng hoac mot
phan c6 thé 1a Z-scan tiém ning.
Phién bién Z-scan khe nhay
khoang 40% cuong do sang
trong vung truong xa qua mot
khe, vi thé nhitng phién ban khac
cling vay. Chlng ta dé dang thay
rang phat hién toan bo mat dau
song cho thong tin hoan chinh va
hé s6 quang phi tuyén bac ba suy
ra tir toan bo bién dang chum cé
do chinh xac cao hon.




