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CLAIMS 

1. A system comprising:

a plurality of macropixels, wherein each macropixel of the plurality of macropixels

comprises an array of single photon avalanche diodes (SPADs), wherein each SPAD is 

configured to provide a respective photosignal when triggered in response to detecting light 

from an external environment of the system; 

a plurality of pipelined adders, wherein each pipelined adder of the plurality of 

pipelined adders is communicatively coupled to a respective portion of the plurality of 

macropixels; and 

a controller comprising a memory and at least one processor, wherein the at least one 

processor executes instructions stored in the memory so as to carry out operations, the 

operations comprising: 

during a listening period, receiving, at each pipelined adder of the plurality of 

pipelined adders, respective photosignals from the respective portion of the plurality of 

macropixels; and 

causing each pipelined adder of the plurality of pipelined adders to provide an 

output based on the respective photosignals from the respective portion of the plurality 

of macropixels, wherein the output comprises a series of frames, wherein each frame 

of the series of frames comprises an average number of SPADs of the respective portion 

of the plurality of macropixels that were triggered during a given listening period. 

2. The system of claim 1, wherein the plurality of macropixels, the plurality of pipelined

adders, and the controller are disposed on a substrate so as to provide a monolithic, single chip 

receiver. 

3. The system of claim 1, wherein the plurality of macropixels comprises 2N SPADs and

the plurality of pipelined adders comprises N-bit pipelined adders, wherein N is at least 10. 

4. The system of claim 3, further comprising a frame aggregation block communicatively

coupled to the plurality of pipelined adders, wherein the operations further comprise causing 

the frame aggregation block to aggregate the series of frames, wherein the frame aggregation 
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block comprises an adder circuit and a digital buffer circuit, wherein a maximum number of 

aggregated frames is at least 2F, wherein F is at least 6. 

5. The system of claim 4, wherein the memory comprises a static random access memory

block comprising at least 5 kilobytes * (N + F), wherein F is at least 6. 

6. The system of claim 4, further comprising a pulse processing block communicatively

coupled to the frame aggregation block, wherein the operations further comprise causing the 

pulse processing block to determine, based on the series of frames, at least one of: a pulse 

arrival time or a pulse intensity. 

7. The system of claim 6, wherein the pulse processing block comprises at least 200,000

resistor-transistor logic (RTL) gates. 

8. The system of claim 6, further comprising an output block, wherein the output block is

communicatively coupled to the pulse processing block, wherein the output block comprises a 

high speed serial interface, wherein the operations further comprise causing the output block 

to provide a serial output based on the processed series of frames. 

9. The system of claim 8, wherein the high speed serial interface comprises a Peripheral

Component Interconnect Express (PCIe) bus communicatively coupled to at least one of: a 

vehicle controller or a wireless communication interface. 

10. The system of claim 8, further comprising a clock configured to provide a clock signal,

wherein at least some operations of: the plurality of macropixels, the plurality of pipelined 

adders, the frame aggregation block, the pulse processing block, and the output block are based 

on the clock signal. 

11. The system of claim 1, wherein each SPAD is configured to detect light comprising a

wavelength of at least one of: 1550 nm or 780 nm. 

12. The system of claim 1, wherein a photon detection efficiency of each macropixel

comprises a photon detection probability (PDP) of a given SPAD multiplied by a SPAD fill 
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factor in a given macropixel, wherein the photon detection efficiency of each macropixel is at 

least 8%. 

13. The system of claim 1, wherein the listening period is within an inclusive range of 300

- 500 picoseconds.

14. The system of claim 1, further comprising a microlens array coupled to each

macropixel. 

15. The system of claim 1, wherein each macropixel comprises at least one of: 1024 or

2048 SPADs. 

16. The system of claim 1, wherein the plurality of macropixels comprises at least one of:

16, 32, or 64 macropixels. 

17. A method comprising:

during a listening period, receiving, at each pipelined adder of a plurality of pipelined

adders, respective photosignals from a respective portion of a plurality of macropixels, 

wherein each macropixel of the plurality of macropixels comprises an array of single 

photon avalanche diodes (SPADs), wherein each SPAD is configured to provide a 

respective photosignal when triggered in response to detecting light from an external 

environment, wherein each pipelined adder of the plurality of pipelined adders is 

communicatively coupled to a respective portion of the plurality of macropixels; and 

causing each pipelined adder of the plurality of pipelined adders to provide an output 

based on the respective photosignals from the respective portion of the plurality of 

macropixels, wherein the output comprises a series of frames, wherein each frame of the 

series of frames comprises an average number of SPADs of the respective portion of the 

plurality of macropixels that were triggered during a given listening period. 

18. The method of claim 17, further comprising causing a frame aggregation block to

aggregate the series of frames, wherein the frame aggregation block comprises an adder circuit 

and a digital buffer circuit, wherein a maximum number of aggregated frames is at least 2F, 

wherein F is at least 6. 
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19. The method of claim 18, further comprising causing a pulse processing block to

determine, based on the series of frames, at least one of: a pulse arrival time or a pulse intensity. 

20. The method of claim 19, further comprising causing an output block to provide a serial

output based on the processed series of frames. 
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