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NGHIEN CUU, PHAT TRIEN PHUONG PHAP MA TIEN TIEN THAN THIEN
VOI MOI TRUONG TREN VAT LIEU KHONG DAN PIEN

TOM TAT

Ly Viét Anh”
Truong Pai hoc Ky thudt Céng nghiép — PH Thai Nguyén

Trong bai viét ndy chiing t6i tap trung vao mot cach tiép can hoan toan méi dé ma kim loai 1én trén
bé mat vat liéu khong dan dién. Phuong phap ma trén vat liéu cach dién ciia chung t6i gidi thiéu
sau ddy chi yéu ciu nhung chit nén trong dung dich hoa hoc dang 1ong, véi diéu kién khong khi ho
va nhiét d6 moi truong binh thuong. Lop ma Niken (Ni) s€ duge ma Ién bé mat bé mit tim nhya
KMPR, v6i hiéu qua kinh te cao va vo cung than thién v6i moi truong. Qua trinh hoat hoa bé mat
dugc thyc hién bang viéc cdy ghép triee tiép cac nhom phuc hop Palladi — Amin - Silicontrong moi
truong dung dich nuéc ma khong can tac dung cia A-xit Cromic. Cac lién két cong hoa tri va dic
tinh co 1y ctia 16p ma Ni trén nén KMPR dugc trién khai kiém nghiém bang cac k¥ thuat SEM, EDX,
XPS... B§ bam dinh cua 16p ma trén chét nén duogc kiém tra theo tiéu chudn ASTMD cua My.

Tir khéa: Ma trén nén nhua; Ma vt liéu cach dién; Lién két cong hoa tri; Ché tao MEMS; Xiic

tac Palladi; A-xit Cromic

GIOI THIEU

Hién nay, nhya la chét liéu nén duoc st dung
phé bién trong ché tao cac hé thong vi co dién
tr (Microelectromechanical systems—MEMS)
[1]. Vat liéu nhya thong thuong sir dung trong
linh vec MEMS nhu: PMMA, HSQ, SU-8 va
KMPR [2], trong d6 KMPR 1a vat liéu nhya
phé bién nhéit cho san xuit vi mach dién tur
cling nhu 1am chat nén cho cac dién cuc [1,4],
cac hé thong Chip da 16p [5]....Vat liéu nhya
KMPR c6 nhitng dic diémndi bat nhu: bam
dinh manh trén cac loai vat liéu khac nhau
[6], kha ning hoat dong tdt trong mdi truong
dung dich nuéc nang (Tetramethylammonium
hydroxide), dé dang tao mang méng bam dinh
trén cac loai bé mit [3,7]. Tuy nhién, viéc ma
trén nén nhya néi chung 1a mot qua trinh rat
phirc tap, chu yéu dya trén cac phuwong phép
truyén thong nhu pha PVD va CVD hoic ma
héa hoc khong dién (Chemical electroless
plating) [7]. Dén nay, méi chi co rat it cac
cong bd khoa hoc vé& phit PVD trén vit lidu
KMPR [1,7]. Trong qua trinh phu PVD doi
hoi phai tao ra mot 16p hat nho 1i ti (Crom
hodc Titan) nhim ting cudng do bam dinh
gitra chit nén v6i kim loai cAn ma. Phuong
phap phu nay luén ludn doi héi st dung cht
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hoa hoc Crom, dic biét 1a Cr® trong A-xit
cromic —chit d bi cAm sir dung ¢ nhiéu nudce
tién tién vi co kha ning giy ra hién tugng
quai thai ¢ tré so sinh néu ngudi me bi nhiém
Crom trong qua trinh mang thai [8]. Hon nira,
phit PVD ciing yéu cau cac thiét bi san xuat
phtrc tap. Do vay, viéc nghién cru mot phuong
phap ma don gian va hiéu qua hon dong thoi
than thién voi moi truong luén 1a mot bai toan
vO cling cap thiét.

Trong bai bao ndy, chung t6i dé xuit mot qua
trinh ma hoa hoc hoan toan thyc hién trong
mdi truong dung dich 1ong, sir dung Ni dé tao
16p ma mong trén tim nhuya KMPR.Phuong
phap méi nay dua trén co so lién két cong hoa
tri gitta 16p bé mat KMPR véi chat xuc tac
Pd, ndcho phépgiam thiéu ham luong cac chat
xic tac bang kim loai quy nhu Pd, Au,
Ag,...qua do6 ha gia thanh qua trinh ma. Viéc
ciy ghép lién két cong hoa tri ciia phic hop
Palladi (Pd) — Silicon giita chit nén KMPR va
16p ma cling dugenghién cuu va ching minh.
Qua d6 cho phép diéu khién sb luong céc
Cation Pd®* va tao ra su gin két rat tot giira
KMPR va Ni.

PHUONG PHAP NGHIEN CUU

Chudn bi chit nén

Chat nén KMPR duoc trang trén chi tiét dang
dia 1am bang Siliconcé duwdong kinh 200mm
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tuong ty nhu trong thong cao khoa hoc [1,7]
vasau dodugc 1am sach bang bé siéu am. Do
day cta lop mang mong KMPR khoang 10
um.Tiép theo, dia Silicon trang nhuya KMPR
duge cit thanh nhitng tAm hinh chit nhat c6
kich thudc 3cm x 5 cm, tir ddy goi la tim
KMPR. Céac tim KMPR duoc rta sach trong
nude cét, con Propanol va lam kho bang may
sdy thoi khi Ni-to.

Tién xiv Iy bé mat bang hon hop dung dich
A-xit+O-xi gia

Nhung tdam KMPR ngip trong dung dich A-
xit + O-xi gia bao gdm: HCI ndng do 37%;
H,0.nong d6 50% va nudc cit véi ti 1¢ the
tich 1:1:5 trong vong 20 phut. Piéu chinh do
pH trong dung dich 1a sdp xi 1,0. Qua trinh
lam sach duogc thuc hién & 6OOC, rOi rira sach
bang nudc cat sau do sdy kho bang dong khi
Ni-to.

Cdy ghép nhém phirc hop Pd — Amin —
Silicon

Cho 88,7 mg PdCl, vao dung dich 100 mL
HC1 0,1 M (Sigma Aldrich) dé tao ra dung
dich PdCl, 5SmMol. Dung dich nay dugc gia
nhiét 1&n 65°C cho t6i khi PdCl, tan hoan toan
va chuyén héa thanh H,PdCl,. Hoa tan 1,12
mL N[3 (trimethoxysilyl) propyl]
ethylenediamine (Sigma Aldrich, 97%, khéi
luong riéng la 1,028 g/mL) vao 49 mL nudc
cit dé dugc mot lugng dung dich khoang 50
mL. Toan b§ dung dich nay dugc rot tr tir
vao 100mL dung dich H,PdCl,. Tiép tuc thém
vao 25 mL NH,OH dé trung hoa hdn hop
dung dich va tao ra phuc hgp Pd — Amin —
Silicon ([(OH)3Si-(CH2)3-NH(CH2)2-
NH2]PdX2) voi X 1a CI” hoac OH .Sau khi
nhiing trong dung dich phirc hop 30 phut, tim
KMPR dugc rira sach trong nuée cit roi sy &
150°C ciing trong khoang 30 phut bang 10khi
tro (Ni-to).

Ma Ni lén tim KMPR

Qua trinh ma Ni [én KMPR duogc thuc hién
trong bé siéu am (Cole Parmer, model 08895-
91) trong 7 phut & nhiét 6 65°C- dugc thuc
hién tai Trung tdm nghién ctiu MiQro -
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C2MI/ Teledyne Dalsa — Canada. Hon hop
dung dich ma bao gém: Nickel sulfat 0,1M;
A-xit Nitric 0,2M, Dimethylamine borane
(DMAB) 0,05M dugc st dung dé duy tri
dung dich & d6 pH 9. Saukhi ma Ni, tim
KMPR dugc rira sach bang nude cét trong bé
siéu 4m va say kho bang dong khi Ni-to.

Sit dung ky thudt quang phé hong ngoai
FTIR xdc dinh cdc hop chit héa hoc trén
lop mg

Quang pho hong ngoai ciia tim KMPR dugc
ghi lai bang thiét bi quang phd ké Bruker Vertex
70 nham xéac dinh xac dinh cac hop chat hoa
hoc trén 16p ma.Thi nghiém duogc thuc hién tai
duoc thuyc hién tai Trung tdm nghién
ctru MiQro - C2MI/ Teledyne Dalsa — Canada.
Sit dung kj thudt Phé hupnh quang tia X
(XPS) xdc dinh xdc dinh ning lwong lién két
giita cdc nguyén tir trén I6p ma

XPS duge thyc hién v6i ngudn quang pho tia
X don sic (K Alpha, Thermo Scientific), thiét
bi tia chiéu c6 nguon ning lugng 1486,6 eV.
Piéu chinh ngudn dién ¢ mic do trung binh
nhim tranh céc tac dung x4u vé& hinh anh
trong qua trinh XPS.Thi nghiém nay ciling
dugc thyc hién tai dugc thuc hién tai Trung
tam nghién ciu MiQro- C2MI/ Teledyne
Dalsa — Canada.

Phan tich mt cit ngang va va céu triic té vi
I6p mg bang hién vi di¢n tir quét SEM

Hinh anh mit cit ngang ctia tim Ni-KMPR-Si
duocghi lai boi kinh hién vi dién tor quét
HitachiSU3500 & 10k V.

Kiém tra @9 bim dinh I6p ma theo tiéu
chuén ASTM

D6 bam dinh gitra 16p ma Ni va nén KMPR
dugc danh gia theo tiéu chudn bam dinh
ASTM. Thi nghiém dugc thyc hién ba lan dé
kiém chtmg.

KET QUA VA BAN LUAN
Mg Ni lén tim KMPR théong qua ciy ghép
phire hop phirc hop Pd

Hau hét cac loai A-xit duogc sir dung trong
qua trinh lam sach Ankal va hiru co trén bé
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mit chat nén khong nhiing loai bo céac hitu co
ma con lam tan ca cic kim loai trén bé mat
chat nén, ngoai ra chiing con gay anh huong
rit tiéu cuc dén moi truong. Trong nghién
ctru nay viéc sir dung hon hop bao gom HCI,
H,0, va H,0 (duogc goi 1a dung dich SC,) da
ching minh duoc nhing hiéu qua rit tich cuc
trong qua trinh Hidro hoa bé mat chét nén.
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Hinh 1. Hinh dnh phan tich FTIR ciia bé mdt
KMPR nguyén ban (a),; va bé mat KMPR da dwoc
xir Iy (b)

Quan sat trén Hinh 1 nhén thdy ¢ s song
1000 — 1275 (cm™) c¢6 sy xuat hién cia cac
Phenyl; hat nhan Phenyl xuit hién & s song
1500 (cm™); nhém —CHj va —CH, xuét hién &
sb song gitta 2850+3000 (cm™); va dang chu
¥ nhit 13 trong khoang sb song 3000-3500

(cm™) xudt hién dic trung ctia cac nhom
Hidroxit (-OH)

Céc thong ké XPS trén KMPR da dugc xir 1y
boi H,0, duge thé hién trén Hinh 2 cho thiy
ti 1¢ nguyén tir O/C cua KMPR tang tir 0,31%
lén 0,34%, diéu nay ly gii cho viéc hinh
thanh cac nhom Oxigen trén bé mit KMPR.
Diéu nay la rit quan trong cho viéc kham pha
tinh chat hoa hoc ciia cac nhom Oxigen trén
tam KMPR thong qua khao sat XPS mirc do
quang pho cua hat nhan Cacbon.
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Hinh 2. Hinh dnh phan tich XPS ciia bé mdt
KMPR nguyén ban (a); va bé mat KMPR da dwoc

xuly (b)
Phé huynh quang tia X (XPS) trén Hinh 3 da
cung cap thém cho chung ta 3 déc trung cua
tam: vi tri khi nang lugng lién két 284,8 eV
hién thi lién két C=C; vi tri 286,4 eV hién thi
lién ket C=0 va C—OH va tai vi tri ¢c6 nang
luong lién két 289,2 eV hién thi lién két
0-C=0.

V6i bé mat KMPR nguyén ban ti 1¢ nguyén tir
C-C;C=0/C-OH va O=C-O lan luot Ia
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51,4%; 41,4% va 7,2%. Sau khi tim KMPR
duoc lam sach béng SC, ti 1€ nay dugc thay
do6i lan luot 1a 47,7%; 43,3% va 7,0%. RS
rang la trong khi ti 1¢ ciia nhom Cacboxyl hau
nhu khong c6 su thay doi (=7%) thi viéc lam
sach dan dén su thay doi twong ddi dang ké
cta cac nhém C-C va C-OH (Hinh 3).

(a), KMPR nguyén ban P ' C;S‘
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Hinh 3. Bg phan gidi quangpho{ Cacbon ciia bé
mat KMPR nguyén ban (a) va bé mat KMPR da
dwoc xir Iy (b)

Budc tiép theo cac nhom Amin cia 3-
aminopropyltriethoxysilane (APTES), s€ tién
t6i lién két véi cac Cation kim loai quy Pd**
tao ra lién ket phirc hop cuc ky bén chat Pd —

Amin — Sillicon nhu mé ta trén Hinh 4.

Giai doan cudi cing ctia qué trinh 1a sy lién
két gilta cac phan tr Ni 1én nhom phtc hop
Silicon — Amin — Pd. Ban chat cta qua trinh
nay 1a qua trinh ma Ni 1én bé mit tim nhya
thong qua xtc tic Pd nhur 1a mot qua trinh O-
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xi hoa khir, n6 gidng nhu 1a ma Ni 1én vét can
ma la Pd. Trong giai doan nay cac Cation
Pd** giam hoéa tri tr& thanh cac kim loai Pd
trong dung dich ma, ching tr¢ thanh cac hat
nhan xdc tac cho cac Cation Ni?*. Cac phén tu
Ni bam déu 1én bé mit chit nén KMPR tao
thanh tdm KMPR ma Ni-B nhu trén hinh 5.
Qua trinh ma Ni 1én tim KMPR di dugc xir
1y bé mat bang cac hop chét hitu co va Pd
dugc dién ra trong 7 phut va nhiét o 65°C.

CHy—OH ------ HO,
CH,—OH ===~ HO—Si—(CH,)3—NH—(CHz);—NH;
CH,—OH ===~ HO/ \Pd/
(X: CF, OHY) x/ \x
150 °C | -3 H,0
CH,—O
CHy—O——Si—(CHg)3—NH—(CH3);—NH

CH2—07 \Pd/ 2
N

Hinh 4. Lién két céng héa tri ciia phirc hop
Silicon — Amin — Pd trén tam nhua KMPR

(X: CI', OH"

Ni-B film on
KMPR / Si

Substrate
KMPR / Si

Ni-B surface

KMPR 100 nm

Hinh 5. (@) Anh chup tam KMPR nguyén ban (bén
trdi) va tam KMPR dwoc ma Ni sau khi da dwoc
xir Iy bé mdt bang phirc hop Pd Poliamin Si (bén
phdi); (b) Hinh anh SEM ciia bé mdt tam mong
Ni-B; (c) Hinh anh SEM mdt cdt ngang 16p ma

Ni-B va nén KMPR

Kiém tra dp bam dinh ciia I6p ma Ni trén bé

mdt tim KMPR

D6 bam dinh cua 16p ma Ni 1én tim KMPR

¢6 thé noi 1a yéu t6 quan trong nhat dé c6 thé
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két luan phuong phap ma méi cua chung toi
c6 thé duoc chép nhén hay khong. D6 bam
dinh ctia 16p ma dugc kiém tra bang tim bing
dinh mang tiéu chuin thir nghiém
(ASTMD3359-09). Thi nghiém vé do bam
dinh 16p ma duoc thuc hién boi bang
dinh mang tiéu chuan thi
nghiém (ASTMD3359-09) ctia Hoa Ky duoc
thyc hién ¢ ca Trung tdm nghién ctru MiQro -
C2MI/ Teledyne Dalsa — Canada va Truong
Pai hoc KTCN — Dai hoc Thai Nguyén. Theo
tiéu chudn nay, do bam dinh cta 16p ma coi
nhu dam béao khi n6 dat dugc muc 5B, khi ¢co
0% dién tich 16p ma bi giat 1én boi tAim bing
dinh. Hinh 6 thé hién qua trinh thir nghiém do
bam dinh ctia 16p ma v&i bang dinh kiém tra
theo tiéu chuan ASTMD3359-09. Mot tim
lusi 4 dong x 4 dong duoc cit 1én trén tAm
KMPR d3 duoc ma Ni, mdi dong cit cach
nhau Imm nhu trén hinh 6a. Dan tdam bing
dinh kiém tra nay 1én tim KMPR di cao xudc
nhu trén hinh 6b, hinh 6¢ thé hién sau khi boc
tam bang dinh ra khong c6 bat cr 6 vudng
nao bi béc ra khoi tim. RS rang theo thir
nghiém trén hinh 6 16p ma Ni da thdéa man d6
bam dinh theo yéu cau 1én trén tim KMPR.

Hinh 6. Kiém tra do bam dinh cua Ni trén tam
KMPR; (a) luoi cdt 4x4; (b) dan bang dinh kiém
tra trén ludi cdt; (c) gb tam bang dinh va danh gid
do bam dinh

Tuy nhién v6i cic nén nhya c6 do dong nhit
khong cao, 16p ma bam dinh kém hon nhiéu,
day la thach thirc khong nho d6i voi dé tai.
Trén Hinh 7 1a Logo Truong Pai hoc K¥
thuat cong nghiép b?mg chit liéu nhya duge
ma Ni. C6 thé nhan thdy voi cac vat liéu nhya
khéac nhau viéc ma Ni bi han ché kha nhiéu,
do quy trinh ma trén maéi chi thtr nghiém trén
vat liéu nhya KMPR tiéu chuén.

Hinh 7. Logo TNUT bc%ng nhya dwoc ma Ni
KET LUAN
Trong bao cdo nay ching t6i da nghién cuu,
thiét ké va ching minh dugc tinh ding din
clia mot phuong phap ma tién tién than thién
v6i moi trudng va c6 nhitng hiéu qua nhat
dinh vé kinh t& va chét lugng. Phuong phéap
moi thay thé viéc st dung dung dich Cromic
bang dung dich chita cac phiic chét hitu co
Pd-Amin-Silane qua d6 giam dugc doc to.
Qua trinh ma Ni 1én chit nén KMPR dién ra
trong 7 phut & nhiét do 65°C. Sau ma tim
KMPR dugc kiém tra theo tiéu chuin
ASTMD3359-09, da hoan toan chirng minh
duoc chat luong rat t8t v& dd bam dinh cua
16p ma.
LOI CAM ON
Téc gia xin gii 10i cam on chan thanh dén
nhitng giup d6 quy bau cua truong Pai hoc
KTCN — Pai hoc Thai Nguyén vé co so ha
tang va tai chinh cho bai bao nay.
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RESEARCH, DEVELOPMENT AN ENVIRONMENT-FRIENDLY
COATING METHOD ON INSULATING SUBSTRATES

Ly Viet Anh”
University of Technology — TNU

In this paper, we demonstrate here that electroless deposition can be considered as an alternate
efficient approach to metallize the surface of insulating substrates. Our electroless nickel plating
requires only immersing the substrates into aqueous solutions in open air at low temperatures. Thin
films of nickel alloy have been deposited electrolessly on KMPR surface, through a cost-effective
and environmental chromium-free process, mediated through direct grafting of Palladium - Amine
— Sillicon complexes in aqueous medium, without Acid Cromic. Covalent grafting and
characterization of the deposited have been carried out by means of SEM, EDX, XPS techniques.
The nickel film’s adhesion was tested in accordance with ASTMD standard of US.

Keywords: Metallization of polymers; Electroless deposition; Covalent grafting; MEMS

fabrication ; Acid Cromic
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