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LINE ILLUMINATION APPARATUS USING 
LASER ARRAYS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a Divisional of prior US. patent appli 
cation Ser. No. 12/349,567 (now US. Publication No. 2010/ 
0171931), ?led Jan. 7, 2009, now US. Pat. No. 8,215,776 
Which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

This invention generally relates to illumination apparatus 
and more particularly to an apparatus for providing a line of 
light from tWo or more laser arrays. 

BACKGROUND OF THE INVENTION 

Laser arrays shoW particular promise as illumination 
sources in imaging applications Where brightness, high e?i 
ciency, and long component life are needed. As the cost of 
solid-state laser sources continues to drop and the available 
spectral range expands, solid-state laser arrays have been 
proposed as possible sources for digital projection and dis 
play apparatus, providing advantages over other types of light 
sources. 

There are a number of applications for Which a thin line of 
intense light is of particular interest. A number of spatial light 
modulators operate upon a single line of illumination and 
scan this line over a display surface for forming a tWo-dimen 
sional image, for example. A general class of this type uses a 
linear array of micro-electromechanical modulators. Linear 
spatial light modulators of this type form images by a rapid, 
repeated sequence in Which each single line of the image is 
separately formed and is directed to a screen or other display 
surface by re?ection, or by other type of redirection, from a 
scanning element, such as a rotating mirror. Types of linear 
array light modulators that operate in this manner include 
devices such as grating light valve (GLV) designs, offered by 
Silicon Light Machines and described in US. Pat. No. 6,215, 
579 (Bloom et al.) and elseWhere. Display systems based on 
GLV devices are disclosed, for example, in US. Pat. No. 
5,982,553 (Bloom et al.). 
An improved type of linear array light modulator is the 

grating electromechanical system (GEMS) device, as dis 
closed in commonly-assigned US. Pat. No. 6,307,663 
(KoWarZ) and elseWhere. Display systems based on a linear 
array of conformal GEMS devices are described in com 
monly-assigned US. Pat. Nos. 6,411,425 and 6,476,848 
(both by KoWarZ et al.). Further detailed description of GEMS 
device architecture and operation is given in a number of 
commonly-assigned US. patents and published applications, 
including US. Pat. No. 6,663,788 (KoWarZ et al.); and US. 
Pat. No. 6,802,613 (Agostinelli et al.). In GEMS devices, 
light is modulated by diffraction. On a GEMS chip, the linear 
array of conformal electromechanical ribbon elements, 
formed on a single substrate, provides one or more diffracted 
orders of light to form each line of pixels for line-scanned 
projection display. 
GLV and GEMS color display system architectures gener 

ally employ three separate color paths, red, green, and blue 
(RGB), each color path provided With a linear array of elec 
tromechanical grating devices. Each linear array of electro 
mechanical grating devices, When actuated, modulates its 
component red, green, or blue laser light to form a single line 
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2 
of the image at a time. The resulting modulated lines of light 
for each color are then combined onto the same output axis to 
provide a full-color image that is then scanned to the display 
screen. 

In order to provide the best possible image quality When 
using linear spatial light modulators of this type, it is useful to 
provide a linear illumination that has these characteristics: 

(i) Constrained spatial line Width in the cross-array direc 
tion, With respect to a modulator for example. For 
GEMS devices, the linear illumination is a line of light 
(typically in the range of about 16 mm long) that is 
preferably no Wider than about 100 um. GLV devices 
require an even thinner spatial line Width in the range of 
about 20 um. 

(ii) Uniformity. For intensity over the full length of the line 
of illumination that is provided, the line of illumination 
should be as uniform in intensity along the line as pos 
sible, Without abrupt changes Within that range. 

(iii) Single-mode light in the Width direction of the line of 
illumination. This characteristic relates to the require 
ments for diffractive order separation for GEMS light 
modulators. Single-mode operation provides modulated 
light having improved contrast. 

(iv) Reduced speckle. Where possible, some amount of 
speckle reduction in the source illumination is advanta 
geous. Arrays of uncorrelated emitters are advantaged 
for helping to reduce speckle effects When their light is 
combined. 

(v) Telecentricity. Telecentric light is advantageous for 
electronic imaging applications in general. Where 
GEMS modulators are used, telecentricity is particularly 
advantaged, since it alloWs ?ltering of cross-order dif 
fracted light in the array direction for improved contrast. 
Telecentricity of better than 4 mr (milliradians) in the 
array direction is needed. 

(vi) PoWer. It is recogniZed that there are advantages to 
illumination solutions that can combine the light from 
tWo or more laser arrays to achieve higher poWer levels 
While maintaining good performance With respect to 
characteristics (i)-(v) noted above. A Gaussian distribu 
tion of intensity in the cross-array (Width) direction is 
particularly desirable for GEMS modulation. This 
means preserving, as closely as possible, the original 
poWer distribution pro?le of the light that is emitted 
from the laser array itself. This is a dif?cult task, made 
more arduous as the light is processed by each succes 
sive optical component. 

Although conventional solutions have achieved some mea 
sure of acceptable performance for providing linear illumi 
nation, there is room for improvement With respect to each of 
characteristics (i) through (vi) just listed. Conventional solu 
tions for providing linear illumination for GEMS devices 
have not taken advantage of laser arrays, but have employed 
single-mode, single-beam lasers for this purpose, With disap 
pointing results. For example, maintaining the desired uni 
formity (ii) for a line of illumination of su?icient length 
proves to be a challenge When using single-beam lasers. Pro 
viding single-mode illumination (iii) is a challenge that is 
generally not recogniZed as a requirement With existing illu 
mination systems. Speckle reduction (iv) is most advanta 
geously addressed if speckle is corrected, at least someWhat, 
in the source illumination; it can be dif?cult to provide both 
single-mode illumination (iii) and reduced speckle (iv) at the 
same time. A disadvantage of single-beam lasers relates to 
poWer scaling; an incremental increase in output poWer can 
be disproportionately high in cost. 
















