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Development of Lighting Optics for Light-Emitting Diodes Using a Freeform Fresnel Lens
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Abstract

Today, LEDs are the main light source for camera flashes in
such devices as smartphones. As image sensor pixels grow
smaller with technical advances, camera resolutions in-
crease, and each pixel requires more light than before. Thus
the demand for brighter camera flashes that can illuminate
the image area more precisely. Meeting this demand re-
quires high center illuminance and a rectangular-like light
distribution. This became our objective.

We compared lenses’ light distributions, light utilization
efficiency, molding die workability, and ease of lens molding,
and we adopted a freeform Fresnel lens with rectangular-like
freeform curve ridges in its circle zones. We set the optimum
LED/lens distance, factoring in lens thickness. Lens dimen-
sions were made to fit the LED package we had adopted. We
found that the central region of the lens mainly affects center
illuminance, while the outer region mainly affects light distri-
bution, so the central ridges of the circle zones had circle-like
forms, and the outer ridges had rectangular-like freeforms.
We defined “6” as the inside angle between the light axis and
each annular slope and “@” as the outside angle. The 6 of
each circle zone increases gradually, so as not to screen light
from the inner circle zone, and, conversely, the ¢ decreases
gradually. We set the height of each circle zone as a constant.
The angles @ in the same circle zone had their maximum val-
ues in the diagonal directions of the lens and minimum val-
ues in the non-diagonal directions. The resultant lens had
good illumination and light distribution. We also used mate-
rial that would be heat resistant in a reflow process, and abol-
ished the separate assembly of the LED and lens, resulting in
higher productivity.

Our prototype showed about 10% error in center illumi-
nance, and about 2% error in light distribution, close to our
design values. The new camera flash lens is compact, easy to
mass produce, and has the desired illuminance and light dis-
tribution, making possible thinner smartphones with high
resolution cameras.
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Table 1 Characteristics of lens types. Based on this comparison, we se-
lected a freeform Fresnel lens.

Lens type

Segmented Elliptical Freeform
Fresnel lens Fresnel lens Fresnel lens

Dome lens

A: Exellent

B: Good
C: Fair

D: Poor

Output light flux
Simplicity of metal die
Mold quality
Size
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Central illuminance \(>300 lux)

RD (>15%) RV (>30%)

RH, RD, and RV are ratios of central illuminance to edge illuminance.

Fig. 1 Targetilluminance at T m from the lens. Center illuminance should
be over 200 lux, the ratio of holizontal and vertical illuminance to
central illuminance should be over 30%, and the ratio of diagonal
illuminance to central illuminance should be over 15%.
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Fig. 2 Cross section of the lens: (a) Schematic side view of the lens and
LED with important lens dimensions. (b) Schematic of the Fresnel
portion. We defined “8” and “@” as the inside and outside angles
between the light axis and each annular slope respectively.
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Fig. 3 Design shape: front view.
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Fig. 4 Contour map of simulated illuminance: simulated light distribu-
tion of the designed lens.
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Fig. 5 Test product lens shape: front view.
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Fig. 6 Horizontal lens profile comparison: lens design (red), measure-
ment of the molded lens (blue), and measurement of the molding
die (yellow).
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