


(OPAs), comprising tunable optical delay lines and optical antennas, for the solid state 

steering of laser beams. 

Phased arrays in the optical domain that are produced to date are complex, costly 

and/or have a different purpose than beam forming and beam steering; some combine spatial 

5 filters, optical amplifiers and ring lasers (US 7,339,727), some involve a plurality of optical 

input beams (US 7,406,220), some involve volume diffraction gratings and a plurality of 

input directions (US 7,428,100), some combine beams of a plurality of wavelengths (US 

7,436,588), some have optical phase reference sources and gain elements (US 7,489,870), 

some have predetermined areas in the field of view and a plurality of beam forming elements 

10 (US 7,532,311), and some have multiple frequencies and multiple optical phase reference 

sources (US 7,555,217). 

Two-dimensional beam forming and steering phased arrays in the optical domain that 

are produced to date have low yields and are costly because they steer in two dimensions with 

a complex two-dimensional pixel array. 

15 SUMMARY OF THE INVENTION 

A plurality of one-dimensional (1D) planar beam, forming and steering optical phased 

array (OPA) chips, folio a two-dimensional (2D) scanning solid-state lidar, may enable 

manufacturing of three-dimensional (3D) mapping time-of-flight lidars at high yield and low 

cost resulting from the simplicity of said 1D OPA chips. 

20 According to a first aspect of the present invention, there is provided a three-

dimensional mapping two-dimensional-scanning time-of-flight lidar ranging apparatus 

comprising a plurality of one-dimensional optical-phased-array-based laser beam forming 

and steering photonic integrated circuit chips. 

According to a second aspect of the present invention, there is provided a method for 

25 three-dimensional mapping utilizing two-dimensional-scanning time-of-flight lidar ranging 

apparatus comprising a plurality of one-dimensional optical-phased-array-based laser beam 

forming and steering photonic integrated circuit chips. 

DESCRIPTION OF THE DRAWINGS 

The following drawings are illustrative of embodiments of the present invention and 

30 are not intended to limit the invention as encompassed by the claims forming part of the 

application. 



The schematic diagram of Figure 1 depicts a plurality of 1D planar beam forming and 

steering optical phased array chips 10. The double-headed arrow 20 lies in the steering plane 

within the field of view. A graded-index (GRIN) lens 30 is used with each chip to reduce the 

spot size in the dimension perpendicular to the steering direction. Alternatively, a geometric 

refractive lens, a diffractive optical element (DOE), or a holographic optical element (HOE) 

could be used to achieve said spot size reduction. 

The schematic diagram of Figure 2 depicts a plurality of 1D planar beam forming and 

steering optical phased array chips 10. The double-headed arrow 20 lies in the steering plane 
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What is Claimed is: 

1. A three-dimensional mapping two-dimensional-scanning time-of-flight lidar ranging 

apparatus comprising a plurality of one-dimensional optical-phased-array-based laser beam 

forming and steering photonic integrated circuit chips. 

2. The apparatus of claim 1 wherein said plurality of photonic integrated circuit chips 

form and steer laser beams utilizing as means of beam size control in the direction normal to 

the steering plane of said one-dimensional optical phased array at least a subset of a set of 

elements comprising: 

at least one off-chip lens; and 

at least one on-chip grating. 

3. The apparatus of claim 2 wherein said at least one off-chip lens comprise a subset of a 

set of elements including but not limited to: 

at least one refractive lens; 

at least one graded-index lens; 

at least one diffractive optical element; and 

at least one holographic optical element. 

4. The apparatus of claim 1 wherein the light signals coupled into the said plurality of 

photonic integrated circuit chips are generated from a single laser. 

5. The apparatus of claim 1 wherein the light signals coupled into the said plurality of 

photonic integrated circuit chips are generated from a plurality of lasers. 

6. A method for three-dimensional mapping utilizing two-dimensional-scanning time-of- 

flight lidar ranging apparatus comprising a plurality of one-dimensional optical-phased-array-

based laser beam forming and steering photonic integrated circuit chips. 

7. The method of claim 6 wherein said plurality of photonic integrated circuit chips form 

and steer laser beams utilizing as means of beam size control in the direction normal to the 

steering plane of said one-dimensional optical phased array at least a subset of a set of 

elements comprising: 
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at least one off-chip lens; and 

at least one on-chip grating. 

8. The method of claim 7 wherein said at least one off-chip lens comprise a subset of a 

set of elements including but not limited to: 

at least one refractive lens; 

at least one graded-index lens; 

at least one diffractive optical element; and 

at least one holographic optical element. 

9. The method of claim 6 wherein the light signals coupled into the said plurality of 

photonic integrated circuit chips are generate from a single laser. 

10. The method of claim 6 wherein light signals coupled into the said plurality of 

photonic integrated circuit chips are generated from a plurality of lasers. 
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