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Fabrication and Characterization of Micro parts by Mechanical Micro

Machining: Precision and Cost Estimation
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ABSTRACT

Recently, demands on mechanical micro machining technology have been increased in manufacturing of micro-scale

precision shapes and parts. The main purpose of this research is to verify the accuracy and cost efficiency of the
mechanical micro machining. In order to measure the precision and feasibility of mechanical micro machining, various
micro features were machined. Aluminum molds were machined by a 3-axis micro stage in order to fabricate microchips
with 200 ¢m wide channel for capillary electrophoresis, then the same geometry of microchip was made by injection
molding. To evaluate the cost efficiency of various micro manufacturing processes, cost estimation for mechanical micro
machining was conducted, and actual costs of microchips fabricated by mechanical micro machining, injection molding,

and MEMS (Micro electro mechanical system) were compared.
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Fig. 1 3-axis stage for micro machining
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Fig. 2 Measurement of stage accuracy of 1 um step:
(a) X-axis, (b) Y-axis, and (c) Z-axis

Fig. 3 Micro walls: (a) isometric view and (b) cross
sectional view
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Fig. 4 Micro rotor: (a) isometric view and (b) cross
sectional view
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Fig. 5 Various mass production processes for microchip:

(a) Hot embossing with silicon mold, (b) Hot
embossing with nickel mold, and (c) Injection

molding
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Fig.6 Top view of microchip for capillary electrophoresis
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Table 1 Dimensions of microchips and injection mold

Position

Int Horizontal Vertical Reservoir
nter- channel channel ¢
process section (um) (um) (4m)
(am)
Fig. 7 Aluminum molds for injection molding: (a) mold -
: : Original No 200 200 1000
design and (b) Machined mold Design rounding
Direct No
machined roundin 201.2 201.7 1003.9
microchip ounding
Injection mold ¢4, 196 195.5 989.4
microchip
e 20m Ril tan u04D Bis2 29k *50 1860 un? I:fzﬁ;g’ R100 1975 198.1 995 8
microchip
MEMS chip:
hot R50 203.5 204.3 1008.4
embossing'!

0183 26Ky %76 160kx UD48

.

Fig. 8 The SEM images of aluminum mold for microchip:
(a) channels and reservoirs (b) enlarged view of
intersection, and (c) buffer reservoir

Fig. 10 Images of direct machined microchip and
injection molded microchip: (a) Isometric view
of direct machined chip, (b) cross sectional
view of direct machined chip, (¢) isometric
view of injection molded chip, and (d) cross
sectional view of injection molded chip

Fig. 9 Microchips fabricated by injection molding

el At Fig. 10 3 o] SEM 3 33 @ulA
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Fig. 11 Optical images of microchips and injection mold
(#1: intersection, #2: vertical channel, #3:
horizontal channel, and #4: reservoir)
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Fig. 12 Tool cost of micro and macro endmills

Fig. 13 ¢ 200 tm endmill fractured during cutting
aluminum
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Table 2 Cost estimation of micro machined part

Item Direct machining Injection molding MEMS
Cy PMMA W20 Al 9,780
; T g machining. 10 min Wafer
CP TP 10 mn Tp,ily'ecrian, 30 min W28,520
w W2,370 /hr w W2,370 /hr
Subtotal W400 W1,580 PR patterning
Tm,roughing. 67 min 6,650
T 51 min Tmﬁnishing 32 min
Tm,in'ection 1 min Mask
M, Wl 810 Mt,machining W 1 ,8 10 W75’000
C”’ ‘ ’ M, injection W 1 ,4 8 O
: DRIE
Bn 5,420 IZ”'"’“"""’"K xf ﬁg 96,050
m,injection 5
il 2,370 Tar " W2,370 e Oxidation
Subtotal W6,620 15,360 W14,260
y 43,000 /ea Vroughing W4000/ea ,
Yinishng W43,000 /ea Ti/Au sputtering
T, 51 min T roughing 67 min W28,520
Tmﬁni.\'hing 32 min
C 600 Crmlghing 600 Ni ]
C Clinishing - electroplating
14 300m/min Vroughing 300m/min W165,400
V’mi.\‘hing -
n 0.14 Proughing 0.14 Si/Au/Ti
n inishing - removal
T 9hr: at 0. 1mm/s Troughing 141min 28,530
T’ini.rhing 545min
Subtotal 4,000 W4,650
Total W11,040 /ea W29,370 /ea W442,930 /ea
42 Al A7 H 9% Aoz dudn oF S s @

4l (3) ~ 8)& ol &3t wlolazE HE A=xst
b 285 ¥8& AEsAY. AR o
3 A Aduo HEE B AFHE NFe
[4k5ldel. Table 2 & vlojaz & AxRs}
o Wyl sl 28FHE ©E4E ¥nd
Eolth, violmaz HE AAY AZFL e &
11,000 90] 2853 &AL <k 30,000 Y,

)

fr b oop rie

MEMS = <} 443,000 949 vl &o] 2aEgn}, &,

AEAEo] A8FHE Wgo] MEMS o Hls] <%
1715 4 A& A" 5 YT, MEMS & o] &%
ofol32 F AFo A8FHE BE&L MEydn
we 35 dF729 248 Fusdc.
WFEABA AAAME A& Yo =& v o]

2oy 22 1000 N9 vlolaz HE ARdE
Y ASHE vio]laz A § NP 20 YolER
AEHE 20,000 o2 AT £ Yot A& A
oz wo]la8 H FUE AR o o 60
7} 2290 1000 e 1667 Ao A Ao
2 AAEd. 4 9 AEA"E uge AME
BoFc} B

Cm,ily'ectiun.= Tm,injecliun. (Bm + VV)
=16.67 x (1,430 + 2,370) = W10,560 )]

kA
(10)3 Zrt

1000 7He] wlolaZ o ®|§L 4
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E. ~e— Injection molding
= T o~ MEMS
£ 100,000 “a.,
§ o
£ 10,000} T
& & O pone
5
-5
1,000 ¢
[}

1 ‘ 10 100
Part number (ea)

1000

Fig. 15 Per part cost of each manufacturing process

Ctmal,l()OOea = C!oml,lea + Cinjectinn,l 000ea (10)

=29,370 + (20,000 + 63,330) = W112,700

A B & A83te 39l BA (hot embossing)
TRz AzdE vlojlzz e AL A (1)
% (12)%F #Zol vErd & Aok, 94714 &< B,
#w e Aegdga NMEA 5 dT7aY AEE
71ero. 2 ARkt

Conmtins = Trmtnts (Bu + W)
=33.33 x (142,900) = W4,762,860 (11)

Clmal,lOOOea = Ctolal,leo + CMEMS,IOOOea (12)
= 442,930 + (20,000 + 4,762,860) = 5,225,790

a2 ALY gdRY TS Fig 15
M d ztzt A < 113 D3t 5,226 9o v o]
A89ch

5. 28
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