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Abstract: For the surface pollution of an optical communication terminal, a 10 MHz Aluminized
Quartz Crystal Microbalance (QCM) is developed to detect the amount of deposited pollution in real
time during a vacuum test. By introducing a reference crystal, the QCM eliminates the influence of en-
vironmental factors substantially, and reduces the requirements for temperature accuracy and its theo-
retical mass sensitivity is up to 10" °g/cm?. Through an absolute calibration experiment, the practical
mass sensitivity of the QCM is 10 ®g/cm?®, shows a lower cost and good practicability and can be used
both in satellites and on the ground. According to different operating temperatures of pollution
sources, the test is divided into 32 °C constant temperature segment, 32 ‘C to —27 ‘C cooling seg-
ment, cryostat segment and —2 °C to 32 °C heating segment. The results show that in the high tem-

perature segment at begin, the temperature difference between pollution source and sensitive surface is
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above 0 °C ,and the amount of pollution deposition per unit area is 1. 68X 10 'g/cm?® in 15. 75 h. In the

cryostat segment, the temperature difference is below —22 °C, the amount of desorption per unit area

is 1.08X10 "g/cm” in 23. 37 h. Moreover, the total amount of deposition is 2. 7X 10 °g/cm® in the

vacuum test. These results confirm the validity of the QCM for detecting the amount of pollution dep-

osition, analyze the deposition process under vacuum test preliminarily and provide a gist for predic-

ting and preventing the pollution of optical surfaces.

Key words: optical communication; Quartz Crystal Microbalance (QCM) ; optical surface contamina-

tion; outgassing rate
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Fig. 1 Overall structure of quartz crystal microbalance
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Fig. 2 Pollution test device
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Fig. 3 Calibration curves of QCM mass sensitivity
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Fig. 4 Quartz crystal oscillation frequency difference

curve in high temperture stage
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Fig. 5 Quartz crystal oscillation frequency difference

vs. temperature difference
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Tab.1 Results of pollution amount in vacuum test
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Fig. 8 Schematic diagram of pollution deposition
15 Qe DU R A0S 15 g 5 A A0k 3% T IR B T
JL V5 Py B T S O L T A B AR AN L TG

HHEO B . DAL A SCR JH 22 %0 % ik
A
T,—T,
LT
S; 200’ D

KT, MT, 5 A5 Y -5 MU SR T 0 IR B

i EScnl A, A2 m >0 H S, >0 B, %
JER T A AEAETS YT AL, PR i B X B 28 i 56
AN TR 25 T 135 G TR B 64T T 95 e it
TR R 1) 5 T 43107

(1) 32 °C /i e i Bt

WEE, SRR R R E R R K, BE
AT=7C.,WERBMILHEE S, >0,.S,=0, i54
Yoy UORR 3 AR TR e )R] B

(2) 32~—27 CHEIRE

M AT>0 CHE, DILRE S >0, H bl
T2 W BRI B A 3 S AR IR G 2% A f 1Y)
T B R B AR

MR E 0 C>AT>—14 CHE ABTLATG L,
BEHE Torp ZER57E 14, 4 °C A A7, A 50, HEE
Tes™>0 “C, 38 3 15 YL U5 1 47 HORD A 0, 36k 45 77 A=

ARG G 1 JF UL — 0 MR UURRTE b iR 1 B
I P TTRR R BOR RE i X (D 1531,

Tes<<0 ‘CJF» V5 Qe IR B AR AL IR R 4K
Sy =0, iR FH TCT5 YU, (R SRR T
L B A S SRR G A 25 A f BT

(3) IR PR 7 B

Tes— EART 0 °C iR 0, H AT
0 C,ULBRE S =0, kb & F 1 T i5 G Ui,
Ly T A S T £% i R BEE AR D ot A R 9 A 2% 4%
AP LT, SRR TS Y W 0 A R AR TR A U
Rk PR AR B 1) Bt

(4) —2~32 CTHEE

M2 AT<<5 CHY, A% MR IR M 22 A f 3
AANAG B HEI AT A, 2R wir B R ) R TS
Pl AR T . Tesik 2] 27 C UL L, A 55 &
IR G 22 A f AT Ia TR DUBRIS 3L

38 {7 2 i ik £ 2% A HLAE 4 8 A Rk R
YU R REOLE MR T, &
SCATAF I A 10 MHz 8% 45 A 0% S IR B K F- L B
ST AT 205t A T 2 X AN [ I S A T S G
DU R, S 2 R R, T5 Y ) T TR D T
15 Y YR R 04 A R R T A O A S R R
OB R . U 24 7 Y 5 2 T 1Y) /<03l 23 A R
KEWTIR AR T o, A SR Y, H
d, AR R S ] AR T BIH G, DI
F BT AR 25 TR B T e VR N AR R T 1Y) T
2. X G Y TR AR ThAE I 56 TT 4R 1 IR
fEIRBE IR 22 AT>>0 °C ., BA i AR AY S 2 30 A
FH1.067 X107 g/Cem® « h) 575 YL 4 i fire W Fff
EPTEMRERFRB IR 2 AT<<—22 C, §ufv f R
G B %R 4. 621 X107° g/ (em® » h); L ELZS
I S Y RS RS LR 2.7 X107
g/em® , BATTT Ay s 2 3% T 7E 5 2L 25 I8 T (19 75 %
TR 555 e B 4 A TR

TEAS S 3L it b JF J 1 I SR A g TAF B
A (DA FTZm QCM L by i i 2 f 5 1 I £
()X QCM & BORG aff 45 UL, 1 — 2D [ AT UL B2 72 Ak
R R 2% 5 (3) H 7 T AR (1475 G TR S A 0 it
BORL; (O B & AR QCM, HF 25 AR Il 6 2% &
EIREE Rl



5 8 M T i 5 R A T 2 R TS Gl A e 1883
. 145-148. (in Chinese)
SE XM [7] LATIF U, CAN S, HAYDEN O, et al.. Sauer-

(1]

(2]

(3]

(4]

(5]

(6]

AR, E N RS LA M. Jbat: T Uk,
1993.

HUANG B CH. Space Environment Engineering
[M]. Beijing: Aerospace Press, 1993. (in Chinese)
MANSFIELD E, KAR A, QUINN T P, et al..
Quartz crystal microbalances for microscale thermo-
gravimetric analysis [ J]. Analytical Chemistry,
2010, 82(24): 9977 -9982.

T E, TR A0SR R B KT TS e T v
PR B IEL) ], AL R BRI LA, 2006,23(6):
337-339.

ZANG W G, YU Q. Calibration of quartz crystal
microbalance for contaminated quantity measure-
ment [ J ]. Spacecraft Environment Engineering.,
2006,23(6) :337-339. (in Chinese)

FAR, HAAL MREETALRBRAERARLM].
Jemt: By Tolk i bt 2002.

HUANG B CH, MA Y L.

craft Environment Test[ M]. Beijing: National De-

Technology of Space-

fence Industry Press, 2002. (in Chinese)

JAAE R, T, 10 MHz Wi ¥ 7 38 5 1 il K7 1
BRI, ALK B3R T4, 2003,20(3):25-29,
ZHOU CH L, YU Q. The development of thermal
controlled 10 MHz quartz crystal microbalance[ J].
Spacecraft Environment Engineering, 2003, 20
(3):25-29. (in Chinese)

RRE, AR, T4, &, 15 MHz /- Fi5 50
ICHIBFRILT]. A= 54K, 2006, 12(3) . 145-148.
HE T B, WANG X R, WANG C, etal.. Develop-

ment of 15 MHz molecular contamination monitor

sensor[ J]. Wacuum and Cryogenics ,2006, 12(3):

1EE @I

9 &R956—) . 5 L A 0,
2 (DGR AF AR BT o0 FAL, 7]
PO H A B R E S =E R 3
AT TR BOGIE 15 H A [ By 8 2R 52
B2 @ AT, FEEHEE T oy TR OGE
FHOE T W T O E B AL LR
64 B . E-mail: majing@hit. edu. cn

(8]

(9]

(10]

[11]

[12]

brey and anti-Sauerbrey behavioral studies in QCM
sensors—Detection of bioanalytes[ ]J]. Sensors and
Actuators B: Chemical, 2013, 176 825-830.
MUSTAFA M K, NABOK A, PARKINSON D, et
al. . Detection of B-amyloid peptide (1 - 16) and
amyloid precursor protein (APP 770) using spec-
troscopic ellipsometry and QCM techniques: A step
forward towards Alzheimers disease diagnostics[ ] ].
Biosensors and Bioelectronics, 2010, 26(4): 1332 -
1336.

SCHEUTJENS ] M H M. Polymers at interfaces
[J]. Physicsof Polymer Surfaces and Interfaces.,
2013 117,

GIRARD T J, PAYTON R M. Method of conser-
vatively predicting long-term outgassing and depo-
sition levels based on diffusion-limited outgassing
theory[ C]. SPIE's 1994 International Symposium
on Optics, Imaging, and Instrumentation. Inter-
national Society [or Optics and Photonics, 1994 :
150 -159.

BF A, MAEF. GEO TR By 715 Y4 Hi
1], AR BERBE LA, 2008,25(6) :526-532.
JIAO Z L., YANG D SH. The GEO satellite star
estimates [ ] J.

2008, 25

molecule pollution preliminary
Spacecraft Environment Engineering.,
(6):526-532. (in Chinese)

CHEN P T C, HEDGELAND R J, THOMSON S
R. Surface accommodation of molecular contami-
nants [ C ].
Ef fects, Measurement, Control I1I.

Society for Optics and Photonics, 1990 327 -336.

Optical System Contamination:

International

REE 991 ), & BUHF5E 4, 2014
AETF W RIE Tolk K2R A8 28 20,
B O A TR G {F . E-mail.

zjjxzfn@sina. com

(RILFFE REWH AREHEH)



