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Light-Field Factorization Processor and
Dual-Layer Factored 3D Display
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Technology

40nm CMOS

Chip Area

2.7 mm x 2.7 mm

Core Area

22mmx 2.2 mm

Gate Count

59M

SRAM Size

75.1KB

10 Voo

35V

Core Vpp

0.61-1.06V

Frequency

26 - 200 MHz

2.69mm

Operating Condition
(Core Vpp, °C, MHz)

(1.04,25,200)  |(1.06, 25, 180)

Chip Configuration
(Rank, Iteration)

(1,25)

(2,50) (4,100)

Power Consumption

283 442 a7
(mW)
Normalized Energy
(nJipixel) 13 33 128

Throughput
(Mpixelsls)

309

(HD 34fps)|(HD 17fps)| _ (HD 9fps)

156 79
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Abstract

We are always after a realistic, immersive visual experience.
As the spatial resolution of display gradually exceeds the limit
of human vision, we move our enthusiasm to more advancing
display technologies such as VR and AR and dream we may
someday live in a world of Metaverse. On the other side, we
also notice that computational photography has achieved
great success on the mobile platform. This reminds us of the
potential of combining the algorithm and the display technology.
A computational display, factored light field display, stands out
from various 3D displays by offering an immersive 3D experience.
Taking advantage of the multi-layer structure and a factorization
algorithm, it provides full-parallax light fields without sacrificing
spatial resolution. It can also solve the vergence-accommodation
conflict widely observed in VR displays. However, the required
algorithm brings the computation bottleneck: complex
computation and the excessive memory access requirement.
It requires tens of seconds to process an image while

consuming hundreds of watts on high-end GPU platforms.

Our work "Light-Field Factorization Processor and Dual-
Layer Factored 3D Display” solves the computation pain point
with the devised software-hardware co-optimized algorithm
and brings a real-time processing 3D display. We address the
computation issue with a specialized light field factorization
chip and construct a dual-layer factored display with a

display driving peripheral to prove the concept. Our light field
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factorization chip is the first chip for factored display. This
chip is fabricated in TSMC 40nm CMOS technology and can
offer up to 30 fps light field factorization throughput. Under
different application scenarios, it can efficiently process a
7x7 light field at energy efficiency of 4.4-16.2 nJ/pixel. The
factored display can update at a 240 Hz refresh rate and
play the light field up to 30 fps. Combining these modules,
our work can deliver a natural, immersive 3D experience by
displaying a full-parallax light field. All essential elements of
computational display: Panel, Driving IC, and Computational
Logic IC have strong connections with the industries in Taiwan.
We integrate these resources to explore the new application

of displays, demonstrate an efficient 3D display system,

and hope it can facilitate the development of the 3D display.

Fig. 3 Overview of the 3D display system. The system consists of (a) dual-
layer factored display, (b] driving peripherals, and (c] light field
factorization processor



