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Tom tit

Trong linh vuc an ninh, khi tai anh nhiét ngay cang duoc sir dung phd bién trong cac hé
thdng gidm sat va thuong hoat dong trong diéu kién méi truong khic nghiét. Bé bao vé khi
tai anh nhiét, nguoi ta thuong st dung I6p mang cachon gia kim cwong (DLC) ma Ién thau
kinh ngoai cung hozc kinh bao vé do mang DLC c6 kha ning chdng mai mon, d6 cing cao,
chiu duge mai trudng khic nghiét va trong sut trong ving phd hong ngoai caa anh nhiét.
Trong cac thi nghiém cua ching t6i, mang DLC dugc ma phu boi phuong phap ling dong
hoi hoa hoc ting cudng bang plasma (PECVD) trén thiét bi Aegis DLC-PECVD cua héng
Intlvac (Canada). Tuy nhién, khi phu céc chi tiét quang hoc c¢6 kich thudc 16n, sy thay doi
céu hinh plasma c6 thé gay ra hién twong khong dong nhét cua I6p phu. Bai béo trinh bay
cac két qua thuc nghiém ma mang DLC khu phan xa cho vat liéu Si trong ving phé tir
3-5 um va théng qua phd truyén qua, khao sét sw ddng déu cua Iép mang DLC trén cac mau
Si dat ¢ cc vi tri khac nhau trong budng ma. Két qua thyc nghiém cho thay, khi d6 cao dat
mau thay ddi tir 0-40 mm so véi dién cuc cua ngudn plasma, phé truyén qua cia cac mau
gan nhu khong c6 su thay doi vé hinh dang, cudng d6 phd truyén qua thay doi nhe trong
khoang 1,6% véi cac mau duoc phi DLC I1én mot mat. Véi cac mau dat o do nghiéng khac
nhau, vi tri dinh phé c6 su dich chuyén vé budc song dai tir 3,4-4 pm ang voi goc phap
tuyén tir 0-50 d6. Céc két qua thuc nghiém nay giup dinh huéng t6i wu hoa thiét ké bo ga
mau gidp cai thién d6 dong déu cua mang DLC trén thau kinh anh nhiét kich thudc lon.

Tur khéa: Mg mang DLC; cong nghé PECVD; khi phdn xa.

1. Mé dau

Trong thiét ké, ché tao 6ng kinh anh nhiét ving budc song 3-5 um, silicon (Si) la
vt liéu thuong duoc sir dung dé ché tao thau kinh ngoai ciing hoic kinh bao vé. Do Si
c6 chiét suat cao (~3,5) nén hé s phan xa Fresnel & bé mat 16n, dan dén su suy hao
dang ké do phan xa & hai bé mat. Cu thé, trong dai 3-5 um, tong hé sb truyén qua hai bé
mat cua chi tiét quang hoc 1am tir Si chi dat khoang 53% [1]. Bé khic phuc han ché nay,
tir nam 1958 [2], nhiéu nghién ciru da duoc thuc hién nham giam phan xa bé mit bang
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cach phu mang khir phan xa str dung céc hé vat liéu nhu MgF», ZnS, HfO2, CdS, ThF,
YF3, CeF2, Y203, BaF2 [3]-[5]. Tuy nhién, mang méng ché tao tir nhirng vat liéu nay c6
han ché vé mit co tinh nhu dé cing thép, kha nang chbng xudc kém, khong bén dudi
tac dong cuia moi truong. Ngoai ra, mot sb vat liéu nhu ThF, 6 tinh phong xa cao, gay
anh huong t6i sic khoe con ngudi trong qué trinh san xuat, st dung.

Vit liéu cacbon gia kim cuong (Diamond-Like Carbon - DLC) Ia mot dang cacbon
v dinh hinh, ndi bat véi tinh chit wu viét nhu do cimg co hoc cao, chiu mai mon tét, tinh
tro hoa hoc, tuong thich sinh hoc [6]-[8]. Nh¢ ¢d nhimg dac tinh nay, DLC da duoc
nghién ctru tng dung trong nhiéu linh vuc tir co khi [9], y sinh [10] va dién ti [11]. Trong
linh vic quang dién tir, DLC dugc chi trong nghién ctiu nho kha ning cho buc xa hong
ngoai truyén qua tot, pht hop lam 16p phi bao vé va khir phan xa cho céc chi tiét quang
hoc hoat dong trong viing hdng ngoai [12]-[15]. Hién nay, trén thé gisi, da sb thiét bi
anh nhiét hoat dong ngoai troi ¢ cac chi tiét quang duoc ma mang DLC bao vé va khir
phan xa, gitp ting thoi gian, kha nang hoat dong cua thiét bi trong méi truong khic
nghiét. Tuy nhién, tai Viét Nam van chwa c6 don vi nao nghién ciu ma mang DLC cho
c4c chi tiét quang hoc hong ngoai.

Trong thoi gian qua, nhiéu phuong phap da dwoc nghién ciu dé phu mang DLC
nhu phtin xa [16], bdc bay bang laser [17], phong dién ho quang [18] va lang dong hoi
hoa hoc ting cuong bang plasma (Plasma Enhanced Chemical Vapor Deposition -
PECVD) [19]. Trong d6, cong nghé PECVD duoc danh gia cao nho chi phi hop ly, dé
van hanh va kha ning kiém soét tét cac théng sé 16p mang. Trong nghién ctu nay,
chung t6i da 4p dung phuong phap PECVD dé ma mang DLC 1én dé Si nham bao vé va
khtr phan xa trong viing phd hong ngoai budc song trung MWIR (3-5 pm) va dat dugc
nhiéu két qua kha quan. Tuy nhién, d6i vai khi tai anh nhiét hoat dong trong dai budc
song 3-5 pm, duong kinh chi tiét quang hoc c6 thé 1én dén 120 mm va béan kinh cong bé
mat can ma c6 thé nho hon 80 mm (d6 cong I6n). Do d6, 16p mang DLC c6 thé khong
d6ng nhat tai cac vj tri khac nhau trén bé mat cua thau kinh, do phan b plasma phu thugc
Va0 vi tri [20], [21] va khi dong hoc trong budng lang dong [22], [23].

Trong bai bao nay, céc tac gia trinh bay cac két qua nghién ciu ma mang DLC
bao vé va khu phan xa cho dé Si, dong thoi khao sat anh huong caa chiéu cao va do
cong bé mat mau Ién tinh chat 16p mang DLC thu dwoc. Cac két qua thuc nghiém nay s&
la co s& quan trong dé dinh hudng thiét ké cac bo ga mau, gilp tao ra phan bé plasma co
d6 dong nhat cao trén bé mat mau, tir d6 dam bao chét luong va d6 dong déu cua lop
mang DLC cho céc chi tiét quang hoc kich thudce 16n.
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2. Thuc nghiém

Mang DLC duoc liang dong bang thiét bi Aegis DLC-PECVD cua hang Intlvac
theo cong nghé PECVD sir dung khi butane-n (C4Hio) c6 d9 tinh khiét > 99,8% lam tién
chat. Céac dé Si dugc danh bong ca hai mat va c6 dé day 0,5 mm dwoc sir dung trong cac
thi nghiém. Plasma duoc tao ra bai ngudn RF c6 tan sé 13,6 MHz, cong suat téi da
1000 W, qua bd phdi hop tré khang dwoc két ndi véi hai dién cuc trong budng ma. Luu
lwong khi butane duoc diéu khién theo vong Proportional — Integral — Derivative (PID)
dé dam bao ap suét budng ma khéng ddi & mic 1,95-1072 Torr.

Trude khi ling dong, cac dé Si dwoc lam sach bang con Isopropyl alcohol (IPA)
dé loai bo cac tap chat hiru co. Sau d6, chiing duoc lam sach bang ion Ar* trong budng
chan khéng, voi cong suat nguon RF khoang 300 W trong thoi gian 5 phdt, nham cai
thién d6 bdm dinh cua mang DLC. Kha nang khir phan xa ciia mang DLC dugc danh gia
thong qua phd truyén qua hdng ngoai, do bang may quang phd FTIR IRTracer-100 cua
hang Shimadzu. D6 bdm dinh va kha niang chéng xudc cua cac mau dugc kiém tra theo
tiéu chuan MIL-C-48479A bang bo kiém tra 6 bam dinh va kha nang chéng tray xudc
chuyén dung (adhesion & scratch resistance test kit).

Dau tién, ching tdi 1am céac thi nghiém vai cac mau Si duoc dit truc tiép trén dién
cuc voi muc dich téi wu thong s6 cong nghé ma I6p mang DLC khtr phan xa cho Si
trong dai phé 3-5 pm. Dé 16p mang DLC c6 thé khir phan xa tét nhat cho vat liéu Si,
can thoa man 2 diéu kién [24]:

Npic = 4Ny 1)
d =t 2
DLC an,,. 2)

trong do: Ny ., Ny lan luot la chiét suat cua Iop mang DLC va vat liéu Si; d, . - chiéu
day I6p mang DLC; ko = 4 pm.

Chiét suat cua Iép mang DLC ¢6 thé dugc tinh chinh trong khoang 1,6-2,2 théng
qua diéu khién dién ap cua ngudn RF. Qua thyc nghiém, dién &p téi wu cia ngudn
plasma trong qua trinh ma 1a 270 V. Chiéu day I6p mang DLC dugc kiém soat théng
qua thoi gian ling dong do méi trudng plasma va dién trudng cao tan trong buéng ma
khéng cho phép bd tri cac cam bién do do day 16p mang nhu cac phuong phap ling
dong khac. Sau nhiéu thi nghiém, thoi gian t6i vu ma DLC Ia 33 phut 05 gidy. Céc
thong sé cong nghé trén dugc gitr nguyén cho thi nghiém khao sat anh huéng cua do
cao va do cong mat mau Ién chat luong 16p mang.
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Pé danh gia anh hudong cua chiéu cao dat miu va do cong (goc nghiéng dat mau)
lén tinh chat cua 16p mang DLC, nhom tac gia thuc hién hai thi nghiém. Trong thi
nghiém 1, cAc mau Si dwoc dat 1én cac dudng ga mau biang nhém co chiéu cao lan luot
1a 0 (dat tryc tiép trén dién cuc), 5, 10, 15, 20 va 40 mm (Hinh 1a). Trong thi nghiém
ther 2, bd g& mau hinh chom cau biang nhém véi ban kinh cong R = 75mm, dudng kinh
mit diy ¢ =132 mm va d6 cao h=40 mm (Hinh 1b, 1c) duoc sir dung dé mé phong
lai thdu kinh c6 kich thuéc va ban kinh cong 16n. Mau Si dwoc dat tai cac vi tri khac
nhau trén chom cau tng véi cac goc léch so vai truc chinh caa chom cau lan luot 1a 0°,
20°, 25°, 30°, 35°, 40°, 45° va 50°. Sau khi ling dong, mang DLC trén c4c mau dit & cac
vi tri khac nhau duoc danh gia thong qua phd truyén qua hong ngoai do bang may
quang phd FTIR IRTracer-100.

i 7 e

c)

Hinh 1. (@) Mdu dwoc dat tai cde d cao 0, 5, 10, 15, 20 va 40 mm trong buong mg;
(b), (c) Mdu dit tai c&c vi tri iing véi goc nghiéng 0°, 20°, 25°, 30°, 35°, 40°, 45° va 50° trén chém cau.
3. Két qua va thao luan
3.1. Téi wu ché dp cong nghg mg mang DLC

Cac miu mang DLC dugc ling dong véi cac khoang thoi gian khac nhau 1én dé
Si. 6 day 16p mang DLC duogc xac dinh thdng qua anh chyp mit cit ngang st dung
kinh hién vi dién ta quét (SEM). Su phu thudc cua chiéu day 16p mang DLC vao thoi
gian lang dong duoc biéu dién trén Hinh 2a cho thay, d6 day I6p mang ting tuyén tinh
theo thoi gian lang dong, vai toc d6 tao mang ¢& 15,88 nm/phdt. Dya vao d6 thi Hinh 2a
xéc dinh duoc chiéu day cua Iop mang DLC théa man phuong trinh (2) 1a 513 nm, Gng
Vvéi thoi gian ling dong 1a 33 pht 05 gidy.

Hinh 2b biéu dién phé truyén qua caa dé Si tham chiéu (chwa ma DLC), dé Si ma
mot mat va dé Si ma hai mit véi 16p ma DLC duoc ling dong véi cac tham sé cong
nghé t6i vu (dién ap plasma 270 V, thoi gian ling dong 33 phut 05 gidy). Mau Si tham
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chiéu ¢ d6 truyén qua khoang 53-54% phtl hop vai két qua tinh toan ly thuyét suy hao
do phan xa Fresnel trén hai bé mat cua Si [1]. Khi ma mot mat bang mang DLC khur
phan xa, phé truyén qua c6 dinh cuc dai trong viing 3-5 um, dat ¢& 69%. Mau Si duoc
ma ca hai mat cho dinh phé truyén qua gan 98%, véi gié tri trung binh trong dai pho
3-5 um dat 94%. Tur cong thic hé sé truyén qua cua ban song song c6 hé sb phan xa &
hai mat giéng nhau:
1-R

T= R 3)
c6 thé xac dinh duoc hé sb phan xa cia mang DLC dat nho ¢ R~1%, cai thién dang
ké so véi bé mat mau Si chua duoc ma.
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Hinh 2. (a) B¢ day lép mang DLC phy thugc thai gian ldng dong;
(b) Phé FTIR cua lép mang DLC ldng dong trén dé Si.

D6 bam dinh va kha nang chdng xudc cua lép mang DLC duoc kiém tra bang bo
KIT test theo tiéu chuan MIL-C-48479A. Hinh 3 mé ta qua trinh thir nghiém d6 bam
dinh va kha ning chéng xudc cia 16p mang DLC. Do bam dinh cua mang DLC duoc
Kiém tra bang cach sir dung tim bang dinh tiéu chuan c6 chiéu rong ¥ inch dan chat Ién
bé mat 16p ma, sau dé giat nhanh bang dinh theo hudng vudng géc véi 16p ma. Qua
quan sat 16p ma bang mat thuong sau khi thir khong thay xuat hién céc vét bong troc.
Kiém tra kha niang chong xuéc cua lop mang bang céch sir dung tim vai tiéu chuan boc
1én dau cua bat thir va cha xat 1én bé mat 16p ma véi luc tdi thiéu khéng nho hon
0,45 kg. Qué trinh cha xat dugc thuc hién bang cach dich chuyén tam vai qua lai giita
hai diém ¢ dinh nao d6 khong it hon 25 chu ky qua lai (50 lan dich chuyén). Sau khi
thir nghiém, quan séat bang kinh hién vi truong tbi trén bé mat mau khong xuat hién cac
vét xude. So sanh voi mot mau mang mém trén dé thuy tinh (ZnS/Ge/ZnS/YF3/ZnS),

20



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

mau ddi chang xuat hién rd rét cac vét xude va bong (Hinh 3f). Cac két qua nay cho
thay 16p mang DLC c6 d6 bén co hoc cao, vuot troi dang ké so vai cac 16p mang khac.

ZnS/Ge/ZnS/YF3/ZnS

CAT. $12900
LENS COATING HARDNESS
TEST KIT

Hinh 3. Thit @6 bam dinh va dé chong xwéc cua lép mang DLC
(a) Dung cu: (1) BUt thet xudc cap do trung binh; (2) BAt thir xuwéc cdp do manh;
(3) Mdu thaz; (4) Vai tho thur xude; (b) Bang keo thur bam dinh;
(¢) Thur xudéc cap do trung binh; (d) Tht xudc cap do manh; (e) Ther bam dinh;
(f) — (g) Anh hién vi truong toi cua cac lop mang sau khi tha nghiém.

3.2. Anh hwéng ciia chiéu cao va dj cong bé mgt mdu 1én lép mang DLC
Hinh 4 biéu dién pho truyén qua caa 16p mang DLC duoc lang dong lén cac mau Si
dit & cac do cao khac nhau trong budng ma PECVD. Két qua cho thay vj tri dinh phd
truyén qua gan nhu khong thay doi, tuy nhién, do truyén qua T ¢6 xu huéng giam nhe khi
chiéu cao mau tang. Cy thé, khi chiéu cao dat mau thay doi trong khoang tir 0 mm dén
40 mm, do truyén qua giam khoang 1,6% (Hinh 4). Trong budng ma PECVD, plasma tao
ra 16p céch ly giita plasma khéi va mau. Bién dang hinh hoc va d6 dan cua mau s& c6 tac
dong tai moi truong plasma xung quanh va sy hinh thanh 16p cach ly [25]. Trén Hinh 4,
c6 thé quan sat dugc cac quang t6i mau quanh mau. Dién truong sinh ra trong ving
cach ly nay c6 tac dung gia toc cac ion tgi bé mat mau. O vi tri mau co do cao 1on, bé
day cua I6p cach ly nhé hon, dan dén quiang duong gia téc cua ion ngan, do d6, ning
luong ion tac dong lén bé mat mau nho hon. Hé qua la chiét suat va tinh chat quang cua
I6p mang DLC bj thay doi dan t&i suy giam hé s truyén qua trong khi vi tri dinh pho
van giir nguyén. Bén canh dé, pho FTIR caa I6p mang DLC c6 ving bi véng xudng tai
dinh, nguyén nhan do su hap thy bai céc lién két C-H du con ton tai trong mang.
Hinh 5a biéu dién pho truyén qua cua cac mau dat tai cac vi tri khac nhau trén
chom cau. Phd truyén qua cua mau dat trén dinh cau (mau 0) va cua mau ddi chung
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(mau tham chiéu) dat ngay trén dién cuc kha twong dong véi nhitng sai khac twong dbi
nhé do khéac nhau vé d6 cao dit mau nhu trong thi nghiém trén.
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Hinh 4. Phé FTIR cua lép mang DLC trén cdc dé Si dat ¢ cdc d cao khac nhau.
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Hinh 5. (@) Phé FTIR cua lép mang DLC lang dong trén dé Si dat ¢ cac vi tri goc khac nhau
trén bé mat chom cau; (b) Phé truyén qua trung binh.

Hé s6 truyén qua cuc dai cua cac duong phd gan nhu khong dbi, dao dong trong
khoang 68-70% (Hinh 5a). Trong khi d6, c6 thé quan sat thay cac mau dat ¢ goc léch
I6n c6 dinh pho truyén qua dich chuyén rd rét vé phia budc séng dai. Hinh 5b biéu dién
phd truyén qua trung binh cua tat ca cac mau trén chom cau va do léch trung binh cua
cac dudng pho so vai duong phd trung binh. Do phé truyén qua c6 dang chir V nguoc
dic trung cuia mang kha phan xa cdu hinh /4 véi dinh ti va thoai ¢ phia budc song dai,
viéc dich phd vé phia budc séng dai chi yéu lam thay doi phia budc song ngan, I6n nhat
¢ 2,5%. Trong khi phia budc séng dai it bi anh huéng, chi cd 1%. Véi @6 ga biang
nhém dit trén dién cuc, cd thé duge xem nhu 1a mit ding thé. Do bién thién bién dang
(gradient) bé mat ti 1& v6i cuong d6 dién truong. Trén Hinh 1c, tai mép cia chom cau co
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thé quan sat thdy quang sang. Tai vi tri mép, do co dién truong 16n, mat do ion tai day
cao hon so véi cac ving khac, do d6 co téc do ling dong mang DLC lén hon. Viéc
mang DLC cua cac mau dit gan mép chom ciu c6 do day I16n hon, hoan toan phu hop
vé6i két qua dich phé truyén qua vé phia budc song dai da do dwoc. Két qua thu duoc
phu hop vai két qua nghién ciru caa Nelson va cong su Vé su anh huéng caa dinh huéng
bé mat mau 1én I6p mang DLC [26].
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Hinh 6. (@) Pinh phé truyén qua ciia cdc dé Si lang dong mang DLC ¢ cac goc khac nhau;
(b) Phan bo mang thanh cdc déi cau trén bé mat bg ga mau.

Phan tich chi tiét hon vi tri cuc dai trong phd truyén qua cua cac mau dit trén
chom cau cho thy sy phan b thanh 3 ving rd rét (Hinh 6a), twong tng véi 3 ddi cau
c6 mau sic khac nhau trén chom cau sau khi ma mang DLC (Hinh 6b). Dé giai thich
dugc hién twong nay, doi hoi md phong phan b plasma theo phan bé dién truong va khi
dong hoc trong budng phan ang PECVD. Van dé nay s& duoc c4c tac gia tiép tuc nghién
ctiu trong thoi gian toi. V& mat thuce tién, 16p mang DLC thudng dugc ma cho chi tiét
quang hoc nim ngoai cung cua hé quang, c6 mit tiép xtc véi moi truong. Céc chi tiét
quang nay thuong ¢ tiéu cy dai, bé mat cong it. Do d6, bo ga mau co thé duoc thiét ké
sao cho toan bo bé mat cua chi tiét dugc ma nam trong cling mot d6i cau dé dam bao do
ddng nhit caa I6p mang.

4. Két luan

Nghién ctru nay di thanh cong trong viéc ung dung céng nghé PECVD dé ma
mang DLC bao vé va khir phan xa cho céc chi tiét quang hoc hong ngoai lam tir vat liéu
Si. Céc két qua thu duoc cho thay 16p mang DLC ¢ do dong nhit cao, d6 bam dinh va
d6 chéng xudéc tot, dap tng cac yéu cau cua tiéu chuan quan sy My MIL-C-48479A.
Trong dai phd 3-5 pm, hé sé truyén qua cia mau Si dugc ma hai mit khi phan xa dat hé
s6 truyén qua trung binh xap xi 94%. Bong thoi, nghién ctru da khao sat va lam rd anh
hudng cua chiéu cao dit mau va do cong bé mat dén tinh dong déu cua I6p mang DLC
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duoc ling dong bang céng nghé PECVD. Céc két qua cho thiy d6 cao dit mau it ¢6 anh
huéng toi 16p mang trong khi bé mat cong (gbc nghiéng dit mau) anh huong téi d6 day
I6p mang va lam phé truyén qua dich vé buéc song dai khi goc nghiéng dit mau 16n.
Céc két qua nay, vé mat dinh tinh phd hop véi cac cong bd qudc té, tuy nhién can tiép
tuc nghién cru md phong va khao sét chi tiét hon dé co dugc cac két qua dinh luong.
Vé thuc tidn, cac két qua nghién cau 13 dir liéu thuc nghiém vé gisi han cua phuong
phép ma mang DLC-PECVD cho cac chi tiét quang hoc c6 kich thugc I6n. Céc két qua
nay mat khac giap dinh huéng thiét ké dd ga cho cac mau ma c6 béan kinh cong nho,
dam bao d6 ddng déu cua I6p mang DLC trén toan dién tich caa chi tiét cin duoc ma.
Lol cam on

Nghién ciru duoc hd tro bai dé tai TBAN.O1 chuong trinh san pham quéc gia vé
thiét bi anh nhiét.
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INVESTIGATION OF THE EFFECT OF SAMPLE HEIGHT
AND SURFACE CURVATURE ON THE ANTI-REFLECTION
PROPERTIES OF DLC COATINGS ON Si SUBSTRATES
USING PECVD TECHNOLOGY

Abstract: In the field of security, thermal imaging devices are increasingly employed in
surveillance systems and often operate under harsh environmental conditions. To ensure their
durability and performance, protective diamond-like carbon (DLC) coatings are often deposited
on the outer lens or protective lens. DLC films are highly attractive owing to their excellent
wear resistance, high hardness, environmental stability, and infrared transparency within the
spectral range of thermal imaging systems. In this study, DLC coatings were deposited using
plasma-enhanced chemical vapor deposition (PECVD) with the Aegis DLC-PECVD system
(Intlvac, Canada). A challenge in coating large optical components is that variations in plasma
distribution can lead to film non-uniformity. We report experimental results on the deposition of
anti-reflective DLC coatings on Si substrates for the mid-wave infrared spectral region (3-5 um).
The uniformity of the DLC layers was assessed through transmission spectroscopy of samples
placed at different positions inside the deposition chamber. The results indicate that varying the
sample height from 0 to 40 mm relative to the plasma electrode caused negligible changes in
spectral shape, while the transmission intensity exhibited only a slight variation of ~1.6% for
single-side DLC-coated samples. For samples placed at different tilt angles, the transmission
peak shifted toward longer wavelengths, from 3.4 to 4 um, corresponding to incident angles
between 0° and 50°. These findings provide useful insights for optimizing sample holder design
to improve the thickness uniformity and optical performance of DLC coatings on large thermal
imaging lenses.

Keywords: DLC coating layer; PECVD technology; antireflection coatings.
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