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Spectral spatial coherence of high-power multi-chip LEDs"
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We investigate the spatial coherence of the light generated from high-power multi-chip red LEDs by using the van Cittert-

Zernike theorem. It is theoretically demonstrated that the light generated from multi-chip LEDs evolves into partially coherent

light after propagation, and the spatial coherence is increased with the increase of propagation distance. Moreover, the spatial

coherence of the light is found to be closely related to the chip distribution of multi-chip LEDs. The distribution of the spatial

coherence of the light is experimentally examined by Young’s double-slit interference. It is found that the experimental results

are consistent with the theoretical ones.
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The investigations of spectral characteristics on LEDs are
mainly focused on the fields of spectral peak, spectral width
and color temperature!' . Few studies have been done on the
coherence characteristics of the light generated from LEDs!'%13,
Recently, Mehta and his colleagues' reported the measure-
ment of coherence characteristics of low-power single-color
LEDs. With the development of LED chip manufacturing
process and packaging technology, the lifetime of high-power
and high-brightness LEDs is gradually extendedB!3l.
However, to the best of our knowledge, as a kind of widely
used light source, there is no paper studying the coherence
of the light generated from high-power multi-chip red LEDs.
In this paper, we study the spatial coherence of two different
types of high-power multi-chip LEDs theoretically and
experimentally. It is found that the light generated from in-
coherent light source evolves into the partially coherent light
after propagation, and its spatial coherence is related to the
chip distribution of multi-chip LEDs. The experimental re-
sults obtained by double-slit interference are consistent with
the theoretical ones.

As shown in Fig. 1, two different types of high-power multi-
chip red LEDs are employed in our experiment, in which the
small black squares in the middle of the LEDs indicate the
light-emitting areas. Fig.1(a) presents a 2 X 2 chip LED, and
Fig.1(b) shows a 4 X 5 chip LED.

According to van Cittert-Zernike theorem, the spatial
coherence of the light generated from a quasi-monochromatic
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Fig.1 Schematic diagrams of high-power multi-chip LEDs

incoherent light source can change after propagation. In the
paraxial approximation condition, the spatial coherence can
be expressed as!!>!7
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q= Y= N , z 1s the distance between the light source and

Az
the observation plane, A is the peak wavelength of quasi-

monochromatic incoherent light, and I(x, y) is the light in-
tensity distribution of the source, which is supposed to be
independent of the position, i.e., I(x, y) = /. The spatial co-
herence of the multi-chip LED light source can be obtained
by solving the integral shown in Eq.(1). Based on van Cittert-
Zernike theorem, the spatial coherence of the light generated
from the multi-chip LEDs is given by following expression:
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where N is the number of the small square light-emitting areas.
b,< x <a, represents the coordinates range of the nth small
square light-emitting area along x direction, and d,< y <c,
represents the coordinates range of the nth small square light-
emitting area along y direction. By solving the integral shown
in Eq.(2), we obtain
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It is shown from Eq.(3) that the light field at z observa-
tion plane is partially coherent, which indicates that the light
generated from incoherent spontaneous emission multi-chip
LED light source can change to partially coherent light after
propagation in free space, and the spatial coherence can in-
crease with the increase of the propagation distance.

Setting x, = 0 and y, = 0, we can rewrite Eq.(3) as
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By taking x,= p,cos6 and y,=p, sin 0, the spatial coher-
ence can be expressed as
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The central wavelength of the multi-chip LEDs is A=625
nm. The distribution of the spatial coherence of the light from
two different types of multi-chip LEDs with different propa-
gation distances can be obtained by numerically solving the
integral shown in Egs.(4) and (5). The numerical calculation
results are presented in Figs.2 and 3, which show that the
light generated from the incoherent multi-chip LEDs evolves
into the partially coherent light after propagation, and the
spatial coherence increases with increase of the propagation
distance. Moreover, it is shown that by comparing the differ-
ent spatial coherence distributions in Figs.2 and 3, the distri-
bution of the spatial coherence of the light generated from
the multi-chip LEDs is closely related to the chip distribu-
tion of the multi-chip LEDs.
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Fig.2 Spatial coherence distributions of the light field gene-
rated from a 2 X 2 multi-chip LED at three different ob-

servation planes
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Fig.3 Spatial coherence distributions of the light field
generated from a 4 X 5 multi-chip LED at three different
observation planes

Theoretical calculations above show that the light gene-
rated from multi-chip LEDs evolves into the partially coherent
light after propagation. The Young’s double-slit interference
experiment demonstrates a feasible method to measure the
spatial coherence of the light. As shown in Fig.4, a multi-chip
LED is connected to a heatsink, making the output power of
the LED stable. The Young’s double-slit is placed in the far
zone (z=3 m), and the interference fringes are recorded by a
CCD camera. Now we give some explanation to show how
to measure the spatial coherence of the light field. Just as
shown in Fig.4, the light from point P, and point P, can inter-
fere with each other at CCD camera. We assume that the
separation between two slits is L, and the light intensity at a
point O in the CCD detector plane is written as!'”!

1(0)=1,(Q)+1,(Q)+ 2{1,(Q)1,(0) x
| 1, (@) ] cos[ B, (@)] (6)

where /,(0Q) and 1,(Q) are the intensities generated by two
wavelets from point P, and point P,, respectively, and p, (w) is
the spectral coherence between point P, and point P,, which is
assumed to obey the quasi-monochromatic condition. 3 ()
is the phase of u (w) varying between 0 and 27"

Traditionally, fringe visibility V(Q) is determined by mea-
) of interfer-

suring the maximum (/) and minimum (/,

max min
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ence fringe intensity using following expression
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Fig.4 Schematic diagram of the experimental setup used
for measuring the spatial coherence of the light generated
from red multi-chip LEDs

With the assumption of 7 (Q) = 1,(Q) = I(0), Eq.(7) re-
duces to V(Q)=|u,,(w)|, from which the modulus of the de-
gree of spectral coherence can be determined. Point P, is lo-
cated on the optical axis. The spatial coherence of different
points relative to the point on the optical axis can be mea-
sured by choosing different values of L. In our experiment,
we choose six different values of L to fit the theoretical curve.
Fig.5 shows the interference fringe distribution of the light
generated from the 2 X 2 multi-chip LED with distance of z=3
m and different separations between two slits. One of the slits
is fixed on the optical axis, while the distance of the other slit
relative to the optical axis increases gradually along the radial
direction. Fig.6 shows the interference fringe distribution of the
light generated from the 4 X 5 multi-chip LED. The other
experimental parameters are the same as those in Fig.5. In the

(a) L=0.4 mm (b)y L=0.6 mm

(c) L=0.8 mm (d)L=1.0mm
(e)L=1.2mm () L=1.6 mm

Fig.5 Double-slit interference fringes of the light irradi-
ated from a 2 X 2 multi-chip LED with z=3m



CHEN et al.

double-slit interference experiment, we measure the interfe-
) and
minimum (/,;,) of interference fringe intensity from a computer,
so that we can get the modulus of the degree of spectral
coherence. The distributions of the spatial coherences of the
light generat- ed from 2 X 2 chip LED and 4 X 5 chip LED
are shown in Fig.7(a) and (b), respectively. It is shown that the
experimental results are consistent with the theoretical ones.

In conclusion, we theoretically and experimentally study

rence fringe by a CCD and obtain the maximum (/,

the spatial coherence of two different types of high-power
multi-chip red LEDs. It is shown that the light generated from
multi-chip LEDs evolves into the partially coherent light af-
ter propagation, and the spatial coherence can be improved
with increasing propagation distance. Based on the relation-
ship between the spatial coherence and the interference fringe
visibility, we experimentally measure the spatial coherence

(a) L=0.4 mm (b) L=0.6 mm

(¢) L=0.8 mm (dyL=1.0 mm
e)L=1.2mm () L=1.6 mm

Fig.6 Double-slit interference fringes of the light irradi-
ated from a 4 X 5 multi-chip LED with z=3 m
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Fig.7 Distributions of spatial coherence of light field gene-
rated from two different multi-chip LEDs with z=3 m

of the light generated from different types of multi-chip LEDs
by double-slit interference experiment. The experimental
observations agree with the theoretical simulations.
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