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TOM TAT

Tinh thé KDP (Potassium Dihydrogen
Phosphate, KH;PO4) dd dwoc quan tim nghién
cieu tir nhitng nam 1930 vi dé dang ché tao véi
kich thuée I6n, chi phi thip va ddc biét cé tinh dp
dién. Tir d6 dén nay, nhiéu vmg dung cia tinh thé
KDP di duwoc phdt trién nhw ding lam b bién
diéu dién quang, khéa chuyén mach quang hoc
(Q-Switch) va b¢ diéu bién tan sé laser thong qua
cde hiéu g phi tuyén bdc hai, bic ba. Dé dip
wng cdc ung dung, doi hoi phai co nhitng don
tinh thé KDP chat lwong cao. Phuong phdp ché
tao don tinh thé KDP phé bién hién nay la
phirong phdp ha nhiét @3, trong dé mot mam tinh
thé KDP duwoc dit trong méi truong dung dich

qud bdo hoa. Han ché ciia phwong phdp nay la
sw xudt hién khéng mong muén cia dam két tinh
dudi déay binh nuéi, gdy cdan tré sw phdt trién ciia
don tinh thé chinh. Tir nhitng nam 2010,
Sankaranarayanan va Ramasamy (SR) da dé xudt
mét phirong phdp ché tao don tinh thé méi dwa
trén viéc thiét ké hinh dang binh dwng dung dich
co dang chir Y. Trong nghién ciru nay, don tinh
thé KDP dwgc ché tao bang phwong phdp SR.
Két qua cho thdy phiong phdp méi nay cho don
tinh thé KDP chdt heong tot hon, it sai hong hon,
dé cumg, do két khoi cao hon va dac biét la tiét
kiém vt liéu hon so véi cic phwong phdp truyén
thong.

Tir khoa: KDP, phuong phap SR, ha nhiét do, tiét kiém vat lidu

MO PAU

Ngay nay, nhu ciu vé cac don tinh thé co
chat lugng cao nham phuc vu cho su phét trién
cua c&c nganh cdng nghé miii nhon nhu: quang tir
hoc, laser, vi dién tu, thong tin lién lac,... dang
ngay cang gia ting. Tuy nhién, nhitng tinh thé c6
sin trong tu nhién thuong c6 do tinh khiét chwa
cao, sb lwong va chit lugng con han ché. Chinh
vi véy, viéc ché tao cac don tinh thé nhan tao
dugc xem 14 can thiét. Hai nhém phuong phap
chinh dwoc sir dung phd bién trong ché tao don
tinh thé 1a: két tinh tir pha ndng chay va két tinh
tir pha dung dich [1]. Phuong phép nudi tinh thé
tr moi treong dung dich thich hop vai nhirng vat
liéu tan nhiéu trong nude va co do tan thay doi

I6n theo nhiét do, chang han nhu cac mubi ADP
(NH;H,POs), KDP, KAI(SO4)a,... Phuong phap
nay twong d6i don gian trong viéc thiét ké hé
nudi va chi phi van hanh tuong dbi thap.

Trong sé cac loai tinh thé dugc ché tao tir
mdi truong dung dich, tinh thé KDP dugc quan
tam nghién ciru rong rai do né c6 thé dé dang ché
tao vai kich thudc 16n, ¢é tinh chat dién-quang
dac biét (hiéu Gng Pockels, hiéu (tng Kerr) va
hiéu ng quang phi tuyén dién hinh (higu tng
phét séng hai bac hai (SHG)). Dé cai tién chét
lugng tinh thé KDP, tir d6 nang cao céc tinh chat
déc trung cua nd, c6 hai hudéng duoc khao sat.
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Nhiéu cong trinh nghién cau thir nghiém viéc pha
tap cac chat khéc nhau bao gém vé co va hitu co
vao tinh thé KDP, trong sé do6 ndi bat nhat 13 KCI
va EDTA (Ethylenediaminetetraacetic Acid).
Hau hét cac hoa chat thuong mai déu c6 chira cac
ion kim loai ning nhu Cr**, Fe®* va AI**. Nhiing
tap chat nay dong vai tro 1a cic tic nhan giy
khuyét tat, sai hong trong tinh thé [2]. Su c6 mat
cua ion Cl" (ddi véi phu gia KCI) hay nhém
amine va nhom carboxylate (d6i véi phu gia
EDTA) trong dung dich nudi s& gidp han ché sy
tham nhap cua céc ion kim loai nang vao tinh thé
KDP, nho @6 cai thién chét lugng tinh thé. Trong
khi d6, mot s6 nhém tac gia dé xuat mot phuong
phép ché tao tinh thé mai goi 1a phwong phép
Sankaranarayanan-Ramasamy (SR) [3, 4]. Trong
phuong phap SR, binh nudi dugc thiét ké dang
hinh chit Y (hay U, hoic V) véi tinh thé mam
duoc gan dudi day binh. Phuong phap nay cho
phép ché tao duoc tinh thé c6 kich thude dai tuy
Yy Vi céc tinh chit co hoc va quang hoc tét hon
S0 V6i cac phuong phép truyén thong.

Trong nghién ctu ndy, nhom tac gia thuc
hién ché tao don tinh thé KDP bang ca hai
phuong phap: truyén thong va SR. Cac mau tinh
thé ché tao dwoc s& dugc khao sat cac phép do:
d6 cing, phé UV-Vis, phd XRD va phé Raman.
Qua d6, chung minh kha ning cai tién chét lugng
tinh thé cia phuong phap SR so vé6i cac phuong
phép truyén thong.

MAY LAM LANH

(A)

Hinh 1. M6 hinh hé nuéi tinh thé KDP theo phwong phép truyén théng (A) va phuong phap SR (B)

VAT LIEU VA PHUONG PHAP
Vit liéu

Mudi KDP dang bot, dwoc san xuét boi
Guangdong Guanghua Chemical Factory Co.,
Ltd. véi do tinh khiét > 99,5 %. Do tan caa mubi
trong nudc cat dé tao thanh dung dich bao hoa ¢
nhiét @6 t°C duoc tinh theo cong thirc:

e _ 100.c,

KDP/100ml
1l-c,

Trong d6: co = 0,116 + 0,00335.t°C  [5]
Phwong phap

Tinh thé KDP duoc ché tao bing phuong
phap nudi tinh va ha nhiét do tir 48 °C xudng
nhiét @6 phong 27 °C. Binh nudi c¢6 dang hinh try
tron (phuong phap truyén théng) va dang hinh try
cht Y (phuong phap SR).

Dung dich KDP duoc pha bdo hoa ¢ 50 °C
véi thé tich 1 lit. Sau d6 dugc loc néng ba lan dé
loai bo tdi da di vat va tap ban c6 trong dung
dich. Dung dich dugc ro6t nhe nhang vao binh
nubi voi tinh thé mam dwgc dat sin trong binh.
Binh nuéi dung dung dich dwgc dwa vao hé diéu
nhiét dé kiém soat sy ha nhiét d6 cua dung dich
V6i tde @6 1 °C/ngay (Hinh 1). Vat chat két tinh
trong moi trudng s& bam vao tinh thé mam va
lam cho tinh thé Ion dan. Sau khoang 20 ngay,
tinh thé KDP duoc lay ra khoi binh va duoc cit
thanh cac khoanh véi do day 6 mm. Hai mat day
mdi khoanh dwgc mai nhin dé co thé khao sat cac
tinh chit co va quang (Hinh 2).
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(B)
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KET QUA VA THAO LUAN
S6 lwong tinh thé chit lrong t6t

Quan sat bang mét thuong cho thiy, phuong
phép SR cho sé lugng mau tinh thé trong sudt va
chat lwong t6t nhiéu hon so véi phwong phap
truyén théng. Mat khéc trong qué trinh nudi theo
phuong phap SR, khi co sai hong nho xuét hién ¢
vi tri nao d6 bén trong tinh thé (vét ran), phan
con lai coa tinh thé vin khdng bi anh huong.
Trong khi d6 & phuong phap truyén théng, sai

L1

||un| Ly

(A) Tinh thé KDP ché tao duge bing
phuong phap truyén thong

hong c¢6 khuynh huéng ngay cang phét trién va
lan rong khap ca tinh thé.

Ngoai ra, mot vu diém vuot troi cia phuong
phép SR so véi phuong phap truyén thdng la
khong c6 hao phi vat chit do sy két tinh tu phét
(xuét hién dudi ddy binh nudi trong phuong phép
truyén thng). TAt ca vat chat két tinh déu ling
dong trén tinh thé mam va vi thé chi c6 mot don
tinh thé duy nhat phét trién.

@1 12 13 14 15 16 17 18 19 20 21 22

(B) Tinh thé KDP ché tao duoc bang
phuong phap SR

(C) Tinh the KDP (phwong phap truyén théng) sau khi
dugc cat va mai nhin (Mit cat vudng goc voi truc
quang hoc)

(D) Tinh thé KDP (phuong phap SR) sau khi dugc cét va

mai nhin (Mit cit vuong goc véi truc quang hoc)

Hinh 2. Mot s6 mau tinh thé KDP

Do clrng

Hai mau tinh thé KDP ¢6 cing d6 day 6 mm
dugc ché tao bang phuong phap truyén thong va

phuong phap SR dugc khao sat do cuang véi
thang do Vicker (HV)

Bing 1. D§ cling clia cdc mau tinh thé KDP

. Luc 4n Kich thlférc vét an Do cliing Do ciing Cong trinh
Mau (an) trung binh (um) HV trung Mohs tham khao
D1 D2 binh trung binh | Mohs [6] HV [7]
KDP (truyén 2942 69,8 71,8 112,61 2,76 95 106.7
thong) 4903 90,7 92,6 102,15 2,5 ' '
2942 67,6 69,35 1227 3,01
KDP (SR) 4903 83,35 88,1 116,76 2,88 2175
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Két qua cho thay tinh thé KDP ché tao theo
phuong phap SR cho d cung cao hon phuong
phap truyén thong khoang 12 %.

Phé UV-Vis

Trong khoang buéc séng 200 — 1200 nm,
nhin chung cadc mau tinh thé KDP (SR) déu cho
dd truyén qua cao hon tinh thé KDP (truyén
thdng). Diéu nay tuong wng véi chit lwong tinh
thé t6t hon.

Theo [2] va [8], KDP la chit chuyén muc
thang véi mdi lién hé giira do hap thu va do rong
viing cam theo cong thic:

_.|—— KDP (SR)
L KDP. (truyén théng)

T ; )
200 400 600 800 1000 1200
Bwée séng (nm)

(A) Phd truyén qua

1
A(hv -E, )2
hv

Tur phd hap thu cua cac mau tinh thé KDP,
c6 thé xac dinh dwoc do rong ving cdm cua
chung bang cach sir dung phuong phap binh
phuong tdi thiéu ddi véi cac diém nam trén bo
hap thu. Trong khoang budc song tir 200 dén 220
nm, do rong ving cam trung binh cia cac mau
tinh thé KDP (SR) vao khoang 5,32 eV va cac
mau tinh thé KDP (truyén thong) 1a 5,09 eV. Po
rong ving cam nay tuong ddi gan véi gié tri dugc
cdng bd trong cong trinh [9] 125,91 eV.

o=
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08 en tho
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(B) Phé hép thu

Hinh 3. Phd UV-Vis ciia tinh thé KDP ché tao theo phuong phép truyén théng va SR

Phé XRD
Tinh thé KDP duoc ché tao bang phuong
phdp SR cho cac peak nhidu xa dic trung c6

250 -
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20

cuong do cao hon so véi phuong phéap truyén
théng (Hinh 4). Do vay, phuong phap SR cho
tinh thé ¢6 cu tric va do két khéi tét hon.

KDP (SR)

KDP
(Truyén théng)

Hinh 4. Phé XRD cua tinh thé KDP ché tao theo phwong phép truyén théng va SR
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Phé Raman

So sanh phé Raman trong ving 100 — 1200
cm? caa hai mau tinh thé KDP, ¢c6 thé thay ring
tinh thé KDP ché tao theo phuong phap SR ¢o
nén phd cao hon va cho nhiéu peak dao dong dic
trung hon so vai tinh thé dugc ché tao theo
phuong phap truyén théng. Dac biét ¢ vi tri peak
906,54 cm! tuong tng véGi dao dong lién két P —
O — H, tinh thé KDP (SR) cho cudng do Raman
cao gap doi so véi tinh thé KDP (truyén thong).

Didu nay cho thay trong ciu tric cua tinh thé
KDP (SR), mat do lién két gitra cac nguyén tir P,
O, H Ién hon so véi tinh thé KDP (truyén thng).

Trong cac hiéu tng quang hoc phi tuyén caa
tinh thé KDP, tan s va mat 6 dao dong cua lién
két O — H dong vai tro quan trong. Vi vay, c6 thé
du doan rang tinh thé KDP (SR) s& cho hé sb phi
tuyén cao hon so véi tinh thé KDP (truyén
thong).

Bang 2. Mot vai tan s6 dao dong hoat dong Raman cua tinh thé KDP

KDP (SR) KDP (Truyén thong) KDP (cong trinh [10])
S6 song .~ | Sbsong .| Sbsong o an Loai lién két
(cm) Cuong do (cm) Cuong do (cm) Cuong do
143,36 1482 _ _ _ _ _
347,86 1961,5 _ _ _ _ —
384,4 1894,78 _ _ _ _ _
463,81 1661,1 365,66 1352,54 _ _ _
906,54 5357,8 919,65 2675,91 904 908 (s) P-O-H
132045 | 1264,87 _ _ 1295 1299 (s) P=0
2257,9 1340,34 _ _ 2358 | 2362 (vw) P-O-H
247224 | 1370,83 _ _ 2461 2466 (W) O=P-OH
270134 | 1574,02 _ _ 2839 | 2844 (vw) P-O-H
(asymmetric)
285172 | 127536 _ _ 2019 | 2924 (vw) P-O-H
(asymmetric)
VS — very strong; s — strong; m — medium;
w — weak; vw — very weak
“Plo—wes PO )
8000 (2= KDP {Truyén thong) |~ :
4500 : i
o, 4000 o 4000
'g_, 157010 1 P SO SN SUR S 1 R SO 'g,
5 3000 ) A f T - ]
g 5
o -O-H o : P-O-H
010 R S — symmetric.
| \“"ﬂ((12)) 1000 4 S
2(I]0 4ll)0 600 S(IJD 1000 1260 0 500 1OIOO 1500 ZOIDO 2500 30I00

§6 soéng (cm-)

S6 séng (cm)

Hinh 5. Phd Raman ciia tinh thé KDP ché tao theo phuong phap truyén thdng va SR

Trang 92



TAP CHi PHAT TRIEN KH&CN, TAP 20, S0 T4- 2017

KET LUAN

Don tinh thé KDP duoc ché tao bang phuong
phap nudi tinh va ha nhiét d6 véi ky thuat nubi
truyén théng va ky thuat mai SR. Trong ky thuat
SR, binh nudi c6 dang hinh chit Y véi tinh thé
mam duoc gin ¢ dudi day binh. Khi dung dich ¢
trang thai quéa bdo hoa, dong vat chat dbi luu di
qua tinh thé mam mot cach cham rai va déu dan,
tao diéu kién dé toan bo vat chét két tinh déu bam
vao tinh thé mam va gilp cho tinh thé phat trién
tbt, it sai hong. Cac phép do: do cung, phd UV-
Vis, phé XRD va phé Raman déu cho thay tinh
thé ché tao theo phuong phap SR cho chét luong
tinh thé tot hon, cdu triic cao hon va do két khoi
I6n hon. Piéu ndy s& mé ra nhiéu huéng phat

trién trong tuong lai, nhu 1a khao sat cac hiéu ung
quang dién va quang phi tuyén ddi vai tinh thé
KDP (SR), hoic két hop ky thuat nudi méi nay
VGi viéc pha tap thém cac chat vo co va hitu co
nhim t6i wu hoa chat lugng tinh thé, gitp khai
thac tot hon céc tinh chét dic trung cua tinh thé

KDP.

Loi cam on: Nhom tac gia xin chdn thanh cam
on cdc don vi dd hé tro cac phép do trong nghién
cteu nay: Pho UV-Vis (Phong thi nghiém Quang-
Quang phé, B6 mén Vit Iy Ung dung, Truong
Dai hoc Khoa hoc Tw nhién, PHOG Tp. HCM),
Do cung (Phong thi nghiém Vat lieu Ky thudt
cao, Trieong Dai hoc Khoa hoc Tw nhién, PHOG
Tp. HCM); Phé Raman (Phong thi nghiém céng
nghé Nano, PHQOG Tp. HCM) va phé XRD (Vién
dau khi Viét Nam, Tp. HCM).
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ABSTRACT

Pure KDP single crystals were studied
extensively since the 1930s because they could be
grown easily to reach a large size, of their low
cost and piezoelectric property. Since then, many
applications of the KDP crystal have been
developed such as the electro-optic modulation,
the optical switch (Q-Switch) and the frequency
of laser converter through the second-, third-
order nonlinear effects. In response to these
applications, the high-quality KDP single
crystals are required. The common method of
growing KDP crystal is the temperature
lowering, in which a KDP seed is placed in a

supersaturated solution. The disadvantage of this
method is the spontaneous appearance of
crystalline clusters at the bottom of the container
which retard the growth of the main crystal.
Since the 2010s, Sankaranarayanan and
Ramasamy have proposed a new method of
growing crystal by designing the Y-shaped
solution container. In this study, the KDP single
crystals were grown by the SR method. These
crystals have better quality, fewer defects, higher
hardness and density, and especially material
saving compared to the ones prepared by the
traditional methods.

Keywords: KDP, SR method, lowering temperature, material savings
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