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A Study on Pressing Conditions in the molding of Aspheric Glass Lenses for
Phone Camera Module using Design of Experiments
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Abstract

This study investigated the pressing conditions in the molding of aspheric glass lenses for the mega
pixel phone camera module using the DOE method. Tungsten carbide (WC; Japan, Everloy Co.,
002K),which contained 05 w% cobalt (Co), was used to build the mold. The mold surface was
ultra—precision ground and polished, and its form accuracy (PV) was 0.85 um in aspheric surface. We

selected four factors, pressing temperature, force and time of first step, and force of second step,

respectively, as the parameters of the pressing process. in order to reduce the number of experiments,

we applied fractional factorial design considering the main effects and two-way interactions. The

analysis results indicate that the only two main effects, the pressing temperature and the time of

pressing step 1, are available for the form accuracy (PV) of the molded lens. The analysis results
indicated that the best combination of the factors for lowering the form accuracy(PV) value of molded

lens was to have them at their low levels.
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Fig. 1. Schematic of the test lens.
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Fig. 2. (a) Glass molding press machine. (b)
Ultra high accuracy 3D profilometer.

gut Aol 7

Fa

TR e
%ﬂaoﬁmmwka@weﬂﬂﬁﬁxﬁ<mmma
5
=

-

O
m‘r‘
oX

=
=
A2AE HHEEAA AL

A Glass9 a9 A5= oF 10-10° PAR7} Dot
= A

(11 T 2A= 48 2 Mdggeld, F4o
SR % 4d 24 oA el ool
F AYAAE ARA ") v gog AWMA
Aol Wzto] ool 3 Y=g A&t

Mold & Gob Heating Pressing & Anneal ing Cooling & Release
G T e I, >
@< >® @< >® C o, >
@:_!2]_::-) ' - 3 7 4>

I—— Heaters On _—}W'- Heaters Off _‘T

a3 3. GlassA=AAE A8 7 ETA AR
Fig. 3. Schematic illustration of glass molding
press.



J. of KIEEME(in Korean), Vol. 20, No. 8, August 2007.

= 174 A7k =35 44e 98 71249 3.2 ¢ oz
=7
. . APy dA 5 d9Ene 2AS g8 e
Table 1. Referer.lc'e molding  conditions  for EAYA T2 199 MinitabS AFE 31T Minitab
determining levels. o THAT RAEAS S35 odojzl p-groz u
J1ebE A PERRE A A AR FreleE()P vaate] el 9
a5 4 e Basdn. B ATdaE §9
A9 a2 |19 | 20 TE@F 0012 dFstel % %ol PAAYRE
1 Zeth wFel WE Fadds wsagase
M g o |- - 9% 2 HANezAe FaAsgn
(sec) AR Ao e 2% QAN QduA
7HeE = = = - . = =
R w0 | e | a0 | a0 Mg Aggony FEe 204 WE4EE el
BE | A2 | A= | 99 | Les stol AAEATY ® 30 Z AFAH gt Az
(s} = R
e | ex | ex | ex | 2x | =y AR gz YAAEEV) 2345 Jehhdo
O 50 | s00 | o0 |4 LB -
C/sec | mm E 3 dRAA aduAg@ties HARE A
dxd B Agdze s,
s - ! Table 3. Fractional factorial design(2'™!) matrix
kT3 Al & =2 3t =gy @ == , , .
* 2. 4%3 AAS 4 = FEA R FEL ' with main effect of pressing process and
Table 2. Levels and main effects used in form accuracy(PV) of the molded lens,
factorial design. PSES
AR 1 AR 2| 1A 3] 1A} 4 ax
A (NEzA| -1 7| @9
I 14 +15 A . ) wAl -
ddH| 88 | 1a4 et 2aA | B8
dEex=| 560 5565 565 o eE R | heE | AR
() (N) (Sez) (N |(PV;m)
= _
e | 2 120 400 N 1 e W S T S T S I Y
1A -
JhekA] 71 8 ) 30 sec 2 +1 +1 -1 -1 1.14
}.
e B O N S R s R A 8 ¢
4 -1 +1 -1 +1 112
£ 1% 25 27 Qxe) 3 44e 43 ) S I IR R R I
T $8XATH FedAY FEFE Yt A4 6 -1 -1 +1 +1 1.36
FLEE A aA = GlassaAe FEHAF ol
dom AASI AeEE HoleE o3tz 4 [ N L R R
gkt Thtntgel SHesE gL, gt R +1 -1 -1 +1 1.05
1Al 7hebs, b 19 A 7F4AzE 2 74 29
7htEo R FEi wewHszs dddaz 7y
FEAZPVIRS At A48 e Az qedze] FAAEPVIR HNE 2§ (FE
of el 2¢F dFAA advixygs Hgshd o, 2904 WEAE)E GFHLE T 49 BAEY
Fastet 294 W AES ndF £ 832" 9 (ANOVAYEE T3 &9 vk FETs} 2904
A4l HAHNY SHRFE A9 2E A W Agel P-gho] BY H9F(a) 001ET #
FHrEge X 19 EdERE gor ngA7) crnE A¥E 99 %elH BF fode @ £ <l
i, AAE AEd F2do wiel Glass?WzE 43 Aot ® 5v APz HAAZ(MPV)O mA=
ssich Az ww FAAZPV)Z o 7t 29ld gEe eun 7t 999 poge
g BAEMESRE 2y 74 x4 F AR wE 3 A3 = 2
% _

722



E 4 AZAZ FAAZEVIE] ok BN,
Table 4. Summary of analysis of varlance
(ANOVA) results from form accuracy

(PV) of the molded lens (coded units).

Seq | Adj | Adj
Source | DF 53 SS | MS F P
= = 0.180 | 0.180 | 0.045
FE9| 4 08 08 019 28.44 | 0.000
AR S TA 0.206 | 0.206 | 0.068
s2a 3 13 13 71 43.41 1 0.000
: 0.012 | 0.012 | 0.001
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Table 5. Estimated effects and coefficients for
form accuracy(PV) (coded units).
Term | Effect | Coef SE T P
coef
0.009
A2
3T 1.14288 946 11491 | 0.000
. ~0.112 | -0.056 | 0.009 _
A s 37 946 -5.67 | 0.000
« 0.035 | 0.017 | 0.009
B a3 94 946 1.80 | 0.109
« 0.174 | 0.087 | 0.009
C o5 13 946 876 | 0.000
N -0.025 | -0.012 | 0.009
D 62 81 946 -1.29 | 0.234
| ~0.076 | —0.038 | 0.009
AxB 37 44 946 -3.80 | 0.005
w | ~0.184 | -0.092 | 0.009
AxC 50 o5 946 -9.28 | 0.000
o | ~0.107 | -0.053 { 0.009 -
AxD 63 81 946 -5.41 | 0.001
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Fig. 4. Pareto chart of form accuracy(PV) of

the molded lens.
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Interaction Plot(Data Means) for Form Accuracy(PV: um) Value
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of the molded lens.

Cube Plot(Data Means) for Form Accuracy(PV: um) Value
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Fig. 7. Cube plot for form accuracy(PV) of the
molded lens.
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