v/ “Stopping Down” Annular Apertures

UCSD Photonicsw

/

Refractive lens
(35mm, F/1.4)

Ot
(sa e

c#olﬁ res u%és

MTF
TS 0.0000 DEG

TS_@.0000 DEG ‘

= ?: ]
5 °[ Full-aperture o/ ]
't (F.4) ° ]
2 2t 0.63*D (F/2.2) ]
o 0.39°D (FI3.6)

0.00 83.5@ Te7 00
SPATIAL FREQUENCY IN CYCLES PER MM

POLYCHROMATIC DIFFRACTION MTFE

MON AUG 27 2887
DATA FOR @.55@@ TO @.5500 um
SURFACE: IMAGE

LENS.ZMX
CONFIGURATION 1 OF 1

70% obscured

(D =60mm, F =35 mm)

Arc-section
angle

“Arc-section” aperture mask

MTF

90% obscured

(D =60mm, F =35 mm)

MTF

MODULUS OF THE OTF

8 - N W £ 0 N © 9 8
T T

TS 0.0000, 00000 DEG
TS_0.0080,DBGE008 DEG
||TS ©.oede, @.g008 DEC

[ Full-aperture ™
| (F1.3) ) >£

50° arc-section
. (FI3.6) |

.00 B83.50 167 .00

SPATIAL FREQUENCY IN CYCLES PER MM

POLYCHROMATIC DIFFRACTION MTF

TS 0.0000. 0.0000 DEG
TS_@.0000, DACE0E0 DEG
TS @.0000, 0.0000 DEG
1.8 I
9
8
o7
57l
4 © .
w el i
L v
5 °F
+| Full-aperture
g ML
2 3| (FL8) o .
2 50° arc-section
= 2
(F/2.2)
1
4 L L L L L L L L L
2 .00 B83.50 167 .00
SPATIAL FREQUENCY IN CYCLES PER MM
POLYCHROMATIC DIFFRACTION MTF
SUN AUG 26 2087
DATA FOR @.550@ TO @.550@ um,
SURFACE: IMAGE
LENS . ZMX
CONFTIGURATION 1 OF 1

SUN AUG 26 2887
DATA FOR @.5588 TO ©.5500 px,
SURFACE: IMAGE

LENS . ZMX
CONFIGURATION | OF 1

|:> Arc-Sectioning: increased depth of field, reduced volume

- 1D loss of resolution w/ very large obscuration
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VArc-Sectioned Eight-Reflection Lens
/

Geometrical Depth of Field

40 mm, F/1.9 lens

Blur at
(for reference) Spot at 0
4% defocus
Best focus
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NA=0.26 ::’::: % 5um
Rrms 1.5 ym Rrms 7.5 pm
Phase 1 8-Reflection Lens
- NA=0.7
|
Rems 20.7
Rews 0.5 pm (una?:ceptagln;)
Arc-Section 8-Reflection Lens """H‘_
£}
Rgms 0.5 pm Rems 5.2 pm

Modeled performance:
- 38 mm focal length, F/# 4 = 3.76
- asymmetrical PSF and MTF due to diffraction
- Trade light collection and 1D resolution
for depth of field and compactness

PSF

I3pm

Horizontal
. L Je—— o

5 28 15 0.597 an.

HOEANS GF THE OTF

Vertical

(KN EEEE RN N




’V Prototype Arc-Sectioned Camera
/
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Fabrication:

- Diamond section 50° from round diamond-machined lens
Aperture is 7.2x smaller than full ring

- Replace metal mirrors w/ dielectric stacks
Transmission increases from 12% to ~50% (4.2x)

Image sensor: s
- Forza/Sunplus 2.1Mpix sensor with 3 pm pixels 07/
- IBM Copper-CMOS process: Thinner
interconnects & larger sensor area )

— 70% greater energy collection at edge
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V Camera Performance Comparison copin I ———T

Conventional Lens Conventional Mini-Cam 8-Refl. Camera Arc-Sectioned 8-Refl.
F =43 mm, F/1.9: >50mm deep 1.3 Mpix, f=3.9mm lens: ~5mm deep F = 38 mm, 5mm deep F = 38 mm, 5mm deep

Electronic zoom (~80x80 pixels) Full 1024x1024 field Full 1024x1024 field

8% Defocus
@25m




’W Resolution Over a 30% deep field: Images
/
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y Resolution over a 30% deep field Uoson T re——

USAF resolution target:
Measure object space resolution (Ip/mm)
Measured both horizontal and vertical resolution
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Not resolved
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Imagers: =
- Tokina F/1.9, f =40 mm
- Full 8-Refl. } AI-CMOS sensor - i ' ‘ - 1
- Arc-sectioned 8-Refl. Cu-CMOS sensor e -
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- Comparison: Canon SD-30 to the Arc-Sectioned Prototype

UCSD Photo

==

Canon SD30 Arc-Sectioned
Optical track ~30mm 5mm
ngh.t < 20mm? 80mm?
collection
Resolution -
(2.2m range) 30 Ip/mm 100 Ip/mm
Focal length | 6.3 — 14.9mm 38mm
Lonstoein Multi-element | Single element
g refractor folded reflector

Canon SD-30 (jpeg!)
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¢ Canon SD30 Compact Camera

m Montage Nano
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Spatial Frequency in object space (cycles/mm)

Arc-Sectioned Camera (raw)




