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Recently, there is a demand for a thermal imaging microscope in the medical field as well as the
semi-conductor industry. Although the demand of the advanced thermal imaging microscope has
been increased, it is very difficult to obtain the technology of developing a thermal camera,
because it is used for defense industry. We developed the x5 zoom microscope which has 3 um
spatial resolution to research the design and fabrication of the IR (Infrared) optical system. The
optical system of the IR microscope consists of four spherical lenses and four aspheric lenses.
We verified individual sensitivity of each optical parameter as the first order approach to the
analysis. And we also performed structure and vibration analysis. The optical elements are
fabricated using Freeform 700A. The measurement results of surface roughness and form
accuracy using NT 2000 and UA3P are Ra 2.36 mm and P-V 0.13 um. Finally we ascertained
resolution power of 3 um using USAF (United State Air Force) 1951 IR resolution test chart.
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Fig. 1 Layout of the IR microscopy

Table 1 Specifications of the IR microscopy

NA 0.65
Wavelength coverage 3.7-5.0 pm
Zoom X 5
Working Distance 15.5 mm
Total Length 250.70 mm
Pixel size 15 um
Detector array format 640 x 512

FoAe] ATL MIF (Modulation Transfer
Function) o= <2 & 4 vl Fg A9 3¢
Billse A A&7 st&h Irldd g8 23
doh E A #@nE FAE A&7 st
15 pmel 7] W&o A -E.— &% & <k 30 cycle/mn©]
th XY d 44 grlde 5 alg BehAe]r)
HEo HAl £l 7Hed %xﬂgl aze

g o ga 4,

3 pmolt}.

g4 @nFd F&8A Y MIF A5 Fig. 2 oA
1 & 4 9450l 30 cycle/mmol A 0.35 o] Fo=
3 A =8 gk FEA9 Swehl ratio E

o thsiA 0.987 ¥1EF FAded disiA
58 ®HoFa gk

ms~

THE QTF

MODULUS OF

] 3 s “ 5 i " 2l e @ *
SPATIAL FREQUENCY In OYCLES PER MM

Fig. 2 MTF of the IR microscopy
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Table 2 Boundary conditions of the IR microscopy model

Lens : Germanium, Silicon

Materials
Others : A16061-T6
Size @89 mm x 205 mm L
Mass 1.247 kg
Analysis conditions Fixed enc'l
Earth gravity

Sweep method
Grid : Hexahedron

L i AAE
Foz mAH gt AHolrh $4 £ (A
o A7k FHHE WFeE ADE Bt g
FHE 6 WA 44 F BHS sy 3}
Aol 2o elaf Bt AANFHFL

B3 Fig. 4 & AAZAL Fo3 Fo 19
", Fig. 5 3D Edo] E&S 973 Aol

3.2 E8A9 Ax8io A

TE HNL el G 99 Ay gep

Fig. 4 Boundary conditions of the IR microscopy model

Fig. 5 Mesh of the IR microscopy model
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Fig. 6 Deformation of the IR microscopy model
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Fig. 10 1st mode shape of the IR microscopy model
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Fig. 7 Stress of the IR microscopy model
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Fig. 11 2nd mode shape of the IR microscopy model
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Fig. 8 Measurement with respect to the IR microscopy

Fig. 9 Frequency of the IR microscopy
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Fig. 12 Equipment for fabrication and measurement
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Fig. 13 Photograph of measuring instrument (UA3P)
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Table 3 Condition of ultra precision machining

Material (bite type) natural
Nose radius (mm) 0.8
Cutting speed (rpm) 1300
Depth of cut (um) 0.5
Rake angle (deg) -25 (chamfered)
L Cutting fluid mist
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Fig. 15 Measurement roughness of germanium lens
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Fig. 16 Measurement of aspheric surface by UA3P

Desion R = 587 G55 (mm
e o roie oo nmn e

T

Status RS = 0.0229 (umy PV = D_t381 tum)
Bestit R = S87.898%7 (mm)

e e, T s o i

e

P N i e Y A S S S e
e

vy
T

SRS R I R B VRS o

Fig. 17 Result of measurement form error (UA3P)
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Fig. 18 Calibration of the IR microscope
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Fig. 19 USAF 1951 resolution test target

Table 4 MTF test of the IR microscope

| Ip/ mm | Design Value | Measurement Value
6.35 0.97 0.95
12.70 0.94 0.84
25.39 0.89 0.58
50.8 0.77 0.34
102.00 0.56 0.23
144.00 0.38 0.19
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