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Spray Coating Technique for the Thick Photoresist
on Structured Wafers

Yang Fang, Wu Manghu, Wang Haoliang, Zhai Xinyue, Wang Xun, Li Baoxia
(X7an Institute of Microelectronics Technology, Xian 710000, China)

Abstract: With the through silicon vias (TSV) etched silicon wafer as the substrate, the ultra-
sonic atomizing spraying technique was used to form a film with AZ4620 photoresist on the sur-
face of a 12 inch (1 inch =2 54 cm) structured wafer. The influences of process parameters,
such as the dilution mass ratio, ultrasonic power, volume flow of N,, the distance between the
nozzle and wafer, chuck temperature, etc on the spraying quality of the TSV silicon wafer surface
were investigated. Finally, through the optimization of the process parameters, the coating
etched wafer with fine surface photoresist particles, good film uniformity and high step coverage
rate was obtained. The experiment result shows that the ultrasonic atomizing spraying technique
can be well used for surface coating on the three-dimensional structure, which overcomes the de-
fects induced by spin coating for the three-dimensional structure and effectively improves the utili-
zation ratio of the photoresist, having a broad application prospect in the field of the integrated

circuit (IC) production and the process of the micro-electromechanical system (MEMS).
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Fig 1 Schematic of the structure inside the TSV
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Fig. 4 Variation schematic of the diameters of pohtoresist

particles with the ultrasonic power
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Fig. 5 Variation schematic of the spray coating indexes

with the nitrogen volume flow
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25 HABREEWSH

TR BR 5 1) AZ4620 S Z i 2 FEAR MK, mi %)
fn P R TH 22 S5 B R ok, IR B S R AL, (A
ISR X 28 65 8 iy O =X s 30 (B 5 T ) Ol 20

TR E [T o 2 £ e B X O 2 e UL L A% A i IR 44 2
PR EmAR, HEEZmEMERR, K8k
KEWE 7 PR,

60
50
40+ \
30 .
20+ \\
10+

A N
20 40 60 80 100 120

HARE/C

/NG B 6 %

B 7 ARG EET R/ G B3R

Fig 7 Minimum step coverage at different chuck temperatures

MIE 7 Pl LIER], R/AGMEEREERS
i B A4 O g S 1 ORR BN o 3 R DR D A R R AR
Ao G i T5R] 3 TAT A1 M i 5 ] T B2 A% R A2 3
T A IR T 55 0 BE A 25 B g A IR 3 1) T R
N R T R . B A IR T
52 VT R R i) T AL i ) R AR, 00 BE
RANGOTE IR, YRS AR G A, B
EALE MBI RIS H R 6 (HMDS) S8k
i, ff RIS HMDS &A= k2% v i OH - i
A, SRECR IR 2 T B4 b AR R D BEAR T O 2R
BOOR J1 0 53 —T7 T, HF SR e il A0 R G %) i Y B
MBS . O RE 2 T2 A B ) R T 0l 20 JE 4 1 T
PRI g ) R . B0 BE B/ 5 B B o R R
ik, ZRTLZREN.., BEGEREREN 80 C,
SGEULARRTZAMHRITTZEE, /AN
TSV NOCZ B mE R ARSI 8 Fras . W& Hp Al LA
BEFLNOCZ e w5 ), M BE &5 B B 2 R 0k
520, FFA T T LEK,

B8 WERJE TSV i A
Fig. 8 Sectional view of the TSV after spraying

937



o oa F o K

AR SCE RS 12 B S5 AL A A (8] 2 T R T
WA 3T T W G B PR R R I T 2 AR AR Y
R, 1B AZ4620 St 2 B mE R ) B AL T Z S8
HMBEREL N S5 1, AR 2 kW, ARE
Rt O 110 L/min, WEWE 5 f 7 2 1 (8] B4
18 pm. 2RAWEE K 80 N, fiE b5 5 e Ok: 48
AN RIEX SPGB R G TR B Tk A
SEREEN] . WETR T RE RS AR A 3t N T 2R M 4
Frp, AT RIA RO B 3D AL T AR R, £
o HL R MIEMLS 45048 17 FH 5%

S % SCHK -

[1] MOREAU W M, CORNETT K M, FAHEY J T, et al. Shot-
size reduction of photoresist formulations [J]. Proceedings of
SPIE, 1995, 4 (11): 1—17.

[2] PHAM NP, SCHOLTES T L M, RUUD K, et al. Direct
spray coating photoresist—a new method for patterning 3D
structures [J]. Euro Sensors, 2002, 16, 15—18.

[3] BRUBAKER C, WIMPLINGER M, LINDNER P, etal. In-
vestigating the use of spray coating technology in MEMS appli-
cations [J]. Micro Santa Monica, 2004, 22 (2): 45—55.

[4] MICHAEL Q. JULIAN S. il AR [M]. dbmt. B

F Al AR AL, 2007 310—403.

[5] PHAMNP, TEZCAN D S, RUYTHOOREN W, et al. Pho-
toresist coating and patterning for through-silicon via technolo-
gy [J]. Journal of Micromechanics & Microengineering,
2008, 18 (12): 125008-1—125008-8.

[6] PHAM N P, BURGHARTZ ] N, SARRO P M. A model for
film thickness using direct spray coating [ C] // Proceedings of
the Electronics Packaging Technology Conference. Pisca-
taway, NJ, USA, 2004. 773—775.

(7] A&, GWIE, @8, . AZA620 S %0 1 5 B G A 1k ik Y
T2 L1 MR, 2017, 54 (6): 65—69.

[8] ZAWER. Midkte, ORAEE. M Pl BK W FL A5 MO ZI B ik 1.2
(). 7 TkEHE4&, 2014, 43 (4): 42—45.

(91 JRaf. EWI. WEZ, F. G20 M 92 I HOK W T2
[J]. Rk 725 5k, 2018, 38 (4. 75—79.

TEE BN

B F (1990—), &, WEEHA,
CREIW, 2 = 4 7 R B3 T2 ANk
AR

E=EE (1977—), %, B E A, Wt, fIsEs, mt
AR, B TN, R = A M B R ST

(B35 932 70

[14] WANG M T, WANG P C, CHUANG M C, et al. Thermal
stability of selective chemical vapor deposited tungsten con-
tact and effects of in situ Ny plasma treatment [J]. Journal of
Vacuum Science & Technology: B, 1998, 16 (4): 2026 —
2033

[15] SCHMID K. MANHARD A, LINSMEIER C, et al. Inter-
action of nitrogen plasmas with tungsten [J]. Nucleation Fu-
sion, 2010, 50 (2). 1—8.

[16] SEKIGUCHI M, FUJII T. YAMANAKA M. Suppression of
resistance increase in annealed Al/W interconnects by capacitively
coupled plasma nitridation on W surface [J]. Japanese Journal of
Applied Physics. 1996, 35 (2): 1111—1114,

[17] OHRING M. The materials science of thin films [M]. New
York: Academic Press, 1992: 41—43.

[18] KIM C H, RHO II C, KIM S H, et al. Pulsed CVD-W nu-
cleation layer using WF6 and B2H6 for low resistivity W [ ].
Journal of the Electrochemical Society, 2009, 156 (9):
H685— H689.

[19] KIM S H, HWANG E S, KIM B M, et al. Effects of B, H;

pretreatment on ALD of W film using a sequential supply of

938

WF; and SiH,; [J]. Electrochemical and Solid-State Letters,
2005, 8 (10); C155—C159.

[20] YUML, AHN K Y, JOSHI R V. Surface reactions in the
chemical vapor deposition of tungsten using WFg¢ and SiH, on
Al, PtSi, and TiN [J]. Journal of Applied Physics. 1990, 67
(2): 1055—1061.

Biographies:
Zhang Nianhua (1993—), his research

interests include the tungsten film and dielec-

tric film in three dimensional memory;
Zeng Chuanbin (1979—), got his Ph. D degree in microelec-
tronics and solid State Electronics. He is a professor of Institute of Mi-
croelectronics of Chinese Academy of Sciences. His research area covers

high reliability integrated circuit, process/device, advanced testing tech-

nology and equipment.



