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Design of precise alignment
orthogonal system used in micro-assembly
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Abstract; For the problems in the design of a flat part micro-assembly system, an orthogonal optical a-
lignment mechanism was proposed to realize high-precision assembly of the miniature flat class struc-
ture by a man-machine cooperation micro-assembly system, and the error of high-precision alignment
mechanism module was analyzed and calculated. Then, a micro-assembly system platform based on
the microscopic machine vision and orthogonal optical alignment was established, and the micro-as-
sembly experiments by proposed method were carried out. The optical alignment method proposed
was effectively used in the assembly of integrated and complex micro heterogeneous electromechanical
system such as the flat structures of silicon micro-MEMS devices and non-silicon MEMS devices. The
results show that the consistency and efficiency of the micro-assembly are improved and enhanced
greatly, and the designed platform has good openness and portability., When the prism orthogonal a-
lighment mechanism produces the error of 0. 001°, the theoretical deviation is less than 0. 98 pm and

the assembly accuracy of the actual experimental micro-assembly platform is less than 5 pm. The preci-

W B HE:2012-04-03 ;81T H#H:2012-05-17.
H4WH:BHFEHABFELEETE (No. 51127004) ; E R ZEH 4 W BT H (No. 0920110013)



57

JE K o A5« (R TR L SRS ) 0 v AR e i i 1543

sion meets the general assembling accuracy requirements of the miniature flat class structure.

Key words: micro-assembly; orthogonal alignment; micro-vision; man-machine coordination
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Fig. 1 Hardware 3D simulation of micro-assembly system
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Fig. 4  Principle drawing of alignment orthogonal

system
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Fig. 7 Flowchart of image feature extraction

2 IE 2 X HEALRG AL b R R 40 h T2 3Dk
A b LB X B Sk TR R R A BR L R v
562 B AU Sk RO g% Sk . 2% HOLIR
Hh ) 43656 K (500~565 nm) 3B FHA R N

R.=1/3 000X N. A, (5)

N. A Ry 5 S Bl FLAE .

X} NAVITAR 12X ZOOM 245 3k 2 5tk
FiEH I N A=0.202,R.=1.65,

HEAE BRI B BR 73 B3 1/2 X Ry, 7T LA 3
W B4 RN 0. 83 pm, FRGE7E S B A o 26 i &R
G b 7 3 BRI G IR BT Sk B LA L R A
R B R e 5 [ B A 1R 25 1 R )

5 pERFGHRE ER

Tl e T T 8 09 U092 5 R T X R S AT 55 55
AR ZS . T RT R S TR RS TRE AR 4 P AT R
DS RS EAiN Y - 3 AL Nk IR o S i
1785 09 S M BB AR BT X AN ) 0 52 4 e
Fe THAER &8 /i g AR 1E S8 HERCKE T 22 42
R .

(1) TEABCAR ML B Se X 2 e 981790 bh 1k 1
Rl R R ER € o = I S DB 7 N L o SR R A Sk 34
WEF ISR B0 B o7 B A PR GIE AR HIL AT L[] i 25
FEREAEFN bR Z 3 i S

(2) R JUAAN 9 LR A H AR 2 1 i % 31
6 % AL B s HLAKC T A s W R Y O 20 B



57 1 JE K o A5« (R TR L SRS ) 0 v AR e i i 1547
— — 5] 907437 o 1 b 1 1 3 1A I O U605 I S 5
S ERHEA IR G . h R P B 5 7 4 0 e

BLIK B 2 ORI [B) L, 45 4 BF AR 14 T =X DAt 2 [) B S04SR 1 5
;g»g;t\oom ﬁfﬁ%\:‘&a’fﬁi T e 25 B sh xR 7 5 43 51 4R O i B i
FEH90°(ir K.

T ST DM BRSO IR. F 31151
; ; Y S B B A R L R B BB L 56 B
P ik 5 ﬁﬁ% ¥é%ﬁﬁ%dﬂﬂ%$#%moﬁw%mﬁ
ﬁmﬁm 3 PR T LA T8 L () FARE A, (b) Jy J
(1021.0) PRZEAE L Co) S % 98 38 1 B bR A0 5S4 22 11 [£]
Wﬁ.{ﬁ%&r& %, (d))@ﬁ(’ﬁl\%ﬂ%FE’JT{ﬁFAE‘%@

Av/dx, Ay/dy, A

¥
Plxy.6) JaREHE, $55ikl
BN G RO, SCELAA bR
HOERS . I ERS

T i et

1245 907
FeH180°if

B 8 TEAZ X o A 2 e Y
Fig. 8 Flow chart of orthogonal alignment micro-as-

sembly

PR A iz B HUAR 228 ) 028 e sk O 3l i 22 4
TE L5 W Sk 1 9 D A I i e A 0 422 gk 2 15t
LR T 11 s R S DT A 43R 19 B A i T
BF o QP 9 B . Ca) S LB 2 1 I i il iz % 4%
fioh 3 KA I L (b S MLAR T i 12 1) 438 IR o R
TR L A% fih T B 5%

B9 BARE A i 5 R
Fig. 9  Absorption handling and releasing of target

components

(3) R 2 H S BTG B9 0707 S8 i i

b iz

10 AR SR 7 FL GG B X HE R RIS 1% L
Fig. 10 Combination of spring and baffler of square
hole and comparison of alignment before and

after adjustment

6 A XA e

RAHCR B R AT T AR /R %
F Z AWl 7 AR e/ B BRURRAE R
SR 70 pmn B/ NREERSE R 60 pm, FR R EL
Dy B ) 5 SR A5 e R FAFSNE RS
11 mm, AR R i SO AR R B 5
% T AL AL R EEAMEARIE . 1B 11 R s 24
T A RTINS LA RS

Y5 R O RS B8 R 32 A0 4 [a) Bl B2 | X B
JiE A B R R AT 225 90 o e/ BR 2B TIC
NFEDS S pm, FE 2 E S UE O S 3 AR E Y A
T b AT A S B RS R & 10
A TR Al S B A SRS Be . T FE AR BRI, 7
TR B C o2 BRI A A B . B
Pic o e R JH B AN 2 0 e S A Oy L B e T



1548 b=

R TR

% 20 &

() | WU\ AR

(0]

O dp

) Pt
? b © O stk

= | Gt

B 11 Al s BE RS 4
Fig. 11  Micro-assembly sequence and configuration

with multi-components

G010 2% TE A D) R L2 TG ORI 5 5 TREE

RER KM HV1303UM #7401, H
53 AR MZD1705 #I e vE K A [ B A8 4
FIE £ B Sk s flEE PT A A ) F206 B fi 5
. W R E R £ 0. 30 pm; 3 E A
7y ) XL-80 AU BEOL T W4 B2 B A F) LS7000
RGOS s BB E B H AR V5 4% 7 BK7 R %)
1) RPB4-15-550 8% B 15 M # B8, R il & a= 15
mm, SRR R G MA AP X HE R G 12
Fi7R

K12 R RGP IR

Fig. 12 Physical chart of micro-assembly system

T JBOE T WAL P #3h 7 & 347 bR &
I 72 % 0 20°C 1), PT fsh °F- & 1 B ) 8 2
PR R +0.32 pm,

BIUBE A2 8 1 b R 3 FH HOAORS T bk 50 &
NSK K %5 4% fl 2K il 7K, 72 m Bk 8l /T 2.5
ps Bl LBk SN F 3 pm, 38 3R O EE U
A% DN LA 1) o A VR .l AT 40 4

A S AR AR 1 Bk B /N T 3 pem, Bl ) Bk )
/INTF 2 pm,

XA R G AT T I 2 T S Ry, IR
F Nikon i MM-400 %I & & f 55 (K B + 1
pm, S HER 0.1 pm) Il SN 2 00 SC B AR ) 2
BC 25 5L, By i iR 22 E AN 13 Bow . B Ak
PfE BARG Rk 1 s,

=10

5
4.5

sl f
L \ I
a5k L s L]
Sl ALY AR N
Tt B v

1.5
IO 5 10 1520 25 30 35 40 45 50
Number of repetitive measurements

Single measuring error/mm

Ca) [ BE DR 22 70 Al

(a)Error distribution of aligniment

4,2 l
sl hi
ST
B
I\ |

1.5
0 5 10 15 20 25 30 35 40 45 50
Number of repetitive measurements

]I
WinN
|
y

|

|
NN
T

—

25

Single measuring error/mm

(b) e A7 X B B D 22 43 A
(b)Error distribution of symmetry
Bl 13 BRI iR 25 4 A

Fig. 13 Distribution of single measurement errors

K1 BERIBVNEER

Tab.1 Experimental results of micro-assembly ~ (mm)
M- 115 2% AN 2
Gkl 0.002 6 0.002 3
Ao A5 Bk 0.003 2 0.001 5

SR JAR SCT5 1 K A ) S 8 F- 5 HEAT 1 22 U U
SRR X TS 1 MU L R
B A REERERBCRT /N T 5 pm. RJT A
T Sr C Y 7 58 AT S BUPRGER  re RO k 2
TR ICARA , B BB B I A] /N T°1 min,



JE K o A5« (R TR L SRS ) 0 v AR e i i 1549

o957
7 % ®

AR AL A AR TIC 28 8 % TS B2 ey o 32 PR
FOR AR T 2R ATIE SSRG 8 0 2 0 i 1 7 5 ok S B
AR S Bl /N L S5 R 4 v A R L . X R T A R
G TCRT B RO R BEE A AT T Be e A i 5
SEHARAS T R A% A SRS ) X V5 A Sy A0 4 Y
TR TE 2R 8 S P e IO JEE o 7 52 P 1) fCHE TE 52 5

S & k-

(1] Fiz 2. BET2AXREAHIANHILGE NN RSB

ST SRR ID]. £, EERBRF,
2009.
LI J H. Motion Control and Path Planning for
Millimeter Size Mobile Microrobot Based Microas-
sembly System[ D]. Shanghai: Shanghai Jiao Tong
University »2009. (in Chinese)

[2] Workshop on Micro/Meso Mechanical Manufactur-
ing[R]. Evanston, llinois, USA: Northwestern U-
niversity,2000.

[3] BROWNE J. MEMS devices emerge at 2002 seat-
tle MTT-S[R]. Microwave & RF,2002,41(8):33-
42.

[4] FINEPLACER System Flip Chip Bonding[ OL]. ht-
tp://www. finetech. com/.

(5] FMRAh oA, 4t A, A4, 5. X HEFRIC AL 3 Bk T

BRI EM L], #mm T3 K, 2001, (3),
56-59.
CHEN W M,YANG W Q,HU S, et al.. Developed
sub-pexel fine positioning alogrithm for image pro-
cessing of alignment mark [ J]. Microfabrication
Technology, 2001,(3):56-59. (in Chinese)

(6] E&5.AMA, LEF.F. SE A PR E

Xt R gL B ER AR FELT ). R AR, 2004,30(2)
146-149.
XIA Q, ZHOU M C, WANG H SH, et al.. Vision
alignment system in automatic high precision chip
mounter and its image processing[ J . Optical Tech-
nique, 2004,30(2):146-149. (in Chinese)

(7] F 242 &% A% A HHREREAIM] T
HL - Tl i i 2008,

LIY H,LIU ZH F. Micro-system assembly atuoma-
tion technology [ M]. Beijing: Electronics Industry

AT RESPAF /N T 2 pm BOSRTORS B2 L 0 T 22
TEh - I BT 2 S B 0 2R BC KT R 23 BE A 1L
21 15 ] 15 A5 B R 1 R AR e AR
XA B R GHEAT T 2R LR KL, 345 T
MR T 5 pm BARTCRTRE . A S5 5 W0 SE B
BB IN R 5 R P 14 A 7= 5 A B e I B 16
i FRO A 568 ()t ] O 52 2 = ZERU N R B i 4
2% AL G T TRCE BRI 7ER Y —
B FRCR DT AT AR AR =

Press,2008.

(8] hAr, Zwe A, R#F,F. T HLAR A GOR I

s B A )], R % 42,2009, 17
(4):819-822.
XU ZH,WANG X D,CHENG X Y, et al.. Control
tactics and software architectures for micro-assem-
bly based on machine vision[J]. Opt. Precision
Eng. ,2009,17(4) :819-822. (in Chinese)

(9] ek, gk 23, 7R 5. S BB K I 5 B 45t 7l AL

AR R AR [T, % T & 4R, 2009, 30 (9): 1242
1247,
YE X,ZHANG ZH ]J,SUN Y, et al.. A bimorph
piezoelectric ceramic microgripper integration micro-
force detecting and feedback[]]. Acta Armamentrii,
2009,30(9):1242-1247. (in Chinese)

[10] k@, £3&,»F &, 5. 5 FH TRUN BS54 1

9 1 3 Xt {7 3¢ e &R 4 - L CN101972928 ALP .
2011-02-16.
ZHANG ZH J,WANG Q. YE X, et al.. An auto-
aligment system used in microstructure assembly:
China, CN101972928A [P]. 2011-2-16. (in Chi-
nese)

[11] ks aF .25, F. BUNCT R G0 %R
PIFRL)]. 5 M T42,2009,17(2):356-361.
ZHANG ZH ]J,DU F,JIN X, et al. . Complex edge
recognition algorithm of micro-accessory[ J]. Opt.
Precision Eng. . 2009, 17 (2) . 356-361. (in Chi-
nese)

[12] skx#.AF .25, %F ETAERNT T MR/
RIRNEEM LA ]. AR K 545 42,
2008,6(5) :362-366.

ZHANG ZH J,DU F,JIN X, et al.. Edge detec-
tion of micro accessory based on different machi-
ning process [ J ]. Nanotechnology and Precision

Engineering ,2008,6(5) :362-366. (in Chinese)



1550 e K% TR 55 20 %

[13] k.. A5, 4 &, LT T ZVCHE KRN Measurement and evaluation for profile tolerance
R G R k)] e W E TR F F R, based on images[]J]. Opt. Precision Eng. ,2010,
2009,29(12) :1063-1066. 18(6):395-401. (in Chinese)

ZHANG L, ZHANG ZH ]J,DU F, et al.. Processin [15] m=B,.ZWHA. . B3, 5. DA DREE zhH
matching principle for edge detection method of micro FEH R MR )] RS 4% T42,2010,18(6):
parts[ 1. Transations of Beijing Institute of Tech- 1361-1365.

nology »2009,29(12) :1063-1066. (in Chinese) CHEN L G, WANG M Y, YANG ZH L, etal..

[14] ZEAP. M. R R, F. ETEGYRENES Fast autofocus method for microscopic computer
PPEL]]. o #% T42.2009,17(2):395-401. vision[J]. Opt. Precision Eng., 2010, 18 (6):
WANG ZH, CAO ] J, ZHANG L K, et al.. 1361-1365. (in Chinese)

Ty

B (1981—), W I EH A+ S BEIE (1986 —) , B, INPH R AL 18+

p, & WFFE A, 2010 4F T b 5 LR R 4 A WF5E A, 2008 4F T b 5t B LR 4 4R 2
12 : RN YN N € N T O B, EE SRR A S AR iR

#6075 T B9 BF5E . E-mail: 3120100228
@bit. edu. cn

F47 B J5 1 B9 A 58 . E-mail: bibly @

bit. edu. cn

BZE (1951 —), BB, BRVEKRAR AL
B, LA S0, 1982 AE TAL R B TR
2 AT 2 0, T TS T
RS 2 1w /N B2 1 3 TG Y BF 5T
E-mail ; zhzhj@bit. edu. cn

Q98— L WAk EA A
FFEAE 2007 4F T b 50 B TR 22 3R &
BRSNS N R D S SR A AN
TR ) 7 B9 5Y . E-mail : sunsun@

bit. edu. cn

@ THATE
EHMESTEBRESTHMABNEPRINH

o OALFETYE BT O#
(REAF RENAEAINBEXER LR E, XZ 300072)

HIB/NEOE ARG T AR I AR 22 4R I T AT AR ALE BT BIR S TR S AL B vk o)
Prfihie T ARG TWE SR LB B . B, 2 T =Rk B p Y BRI T ARG
T RGEREAER, 00 T ARG TR SRR, /)5 U5 T 8RBT ARG T A R &
T35 RN AL 0 A S0k 2 AT AR AL I A FEAG 13 B S A % 1 25 BIF 5T T 5 Ak R 3 R O
77 ER A fn AT ARG T WAL I i SCIR BT, O 40 11 T vl B 8 (0 R M R S 4 0L . 2Rk
WY, R 3 0 M 05 PR AR S T LR I IR 22 0800 B 4. 4 nme, NS 0 A 505 0 B R
BTG  ATTEAIE NSO~ T 0 T BT R A R 0 A 5 22 el /N B 4 K 2



