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Abstract 
An optimized Light Field (LF) VR display with ultra-high pixel 
density LCD (3.1 inch 1411 PPI) is presented. Field of view 
(FOV) and the experience of immersion are improved by 
adopting the 3K3K resolution display panel. Functions of vision 
correction (glasses free), reduced Vergence-Accommodation-
Conflict (VAC) and enlarged eye box with eye tracking are also 
realized. 
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1. Introduction 
Near eye display is treated as a potential candidate of next 
generation portable device providing a virtual reality to every 
single person. Undoubtedly, Immersion and visual comfort are 
always two important targets which are pursued and improved. As 
we know, although immersive using experience can be obtained 
with VR of larger field-of-view (FOV), but comfort vision will be 
determined by how good VAC can further controlled or reduced 
[1]. So both spatial and time multiplexed approaches have been 
studied and proposed [2-7]. 

As far as light field displays are concerned, the previously 
launched light field displays are a combination of small size and 
low resolution, which not only cannot have a large viewing angle, 
but also has the problem of screen window effect caused by low 
resolution.  By using the 3.1-inch 3k3k display, we can not only 
overcome the FOV problem of the original light field display, but 
also further improve the resolution of the light field display to 
achieve a more realistic image effect.  Large-scale, high-
resolution VR LCD displays must overcome various process and 
material constraints.  In this paper, we discuss the necessity of 
increasing the aperture ratio and increasing the contrast ratio by 
using special driving methods and special pixel designs. At the 
same time, we also use the light field technology to adjust the 
vision and expand the eyebox to enhance the VR visual 
experience. 

2. Architecture and design 

2.1  Optics of light field VR 
Elemental image (EI) array can be generated through lens array 
by spatial multiplexed LF optics as shown in Fig. 1. Different 
with non-LF optics, LF can provide volumetric virtual image 
(based on correct disparity of each EI) and let people get correct 
accommodation of eye, which means VAC free for observer. With 
suitable first order design parameters and boundary conditions: 
FOV, resolution, total thickness, overlapping ratio and some 
others can be obtained as shown in Fig. 2. In this paper, a newly 
developed 3240×2880 1440 PPI 3.1” (effective display area 
58.32×51.84 mm2) LCD by INNOLUX is considered and then 
best monocular FOV is 70°×65° at 29mm eye relief and 6.4mm 
eye box, in order to further improve horizontal FOV in binocular 
vision, 15 degrees tilt between panel is also designed shown in 
Fig.3. The final binocular FOV can be achieved to 100°×65° with 

angular resolution over 15 pixels per degree (PPD). Designed 
MTF of all image field is higher than 30% at Nyquist frequency 
(28 lp/mm) shown in Fig. 3. 

 
Figure 1. Multi-depth image via spatial multiplexed LF 
optics with elemental image. 

 
                      (a)                                         (b) 

 
                      (c)                                         (d) 

Figure 2. 1st order design parameters and boundary 
conditions, (a) FOV, (b) resolution, (c) total thickness, and 
(d) overlapping ratio with focal length of lens array and 
object distance (gap between lens array and panel). 

 
(a)                                                   (b) 

Figure 3. Designed LF (a) optical layout of designed LF (b) 
MTF of designed LF optics. 
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2.2  High resolution VR LCD 
The experience of immersion depends on the field of view (FOV) 
of a VR display. There are two possible solutions to improve the 
FOV of a VR head-mounted display: increasing the magnification 
of the lens, or increasing the panel size. In the first one, a larger 
magnification of the lens results in a larger virtual image size. 
However, the image of every single pixel is enlarged, which 
causes the screen door effect. Moreover, a lens with a larger 
optical power also has a larger aberration. Thus we chose the 
second way: increasing the panel size, that is, increasing the 
resolution. 

2.2.1  Wide field of view 
High resolution (large panel size) provides a wide FOV. High 
resolution also helps to simplify the optical system design of the 
VR head-mounted display. However, there are more gate lines in 
a high resolution panel than in a low resolution panel. The more 
gate lines take more scanning time. This will decrease the refresh 
rate and MPRT (moving picture response time). Thus, an 
optimization between the resolution and MPRT is needed. 
INNOLUX proposes a 3K3K resolution 1411 PPI display panel, 
which provides a virtual image with binocular FOV 100° in VR 
optical system, and also maintains the 15 PPD  image quality, as 
shown in Fig. 4. 

 

Figure 4. FOV improvement. 

2.2.2  Fast moving picture response 
MPRT is a general indicator of the motion quality of a display. 
Generally speaking, the MPRT of a display panel in VR system 
should be less than 1.5 ms, otherwise users will see the motion 
blur when an object moves fast in the screen. To achieve such a 
fast MPRT in a 3K3K high resolution display panel, we set the 
refresh rate at 75 Hz with a 10% duty ratio blinking backlight. We 
also improve the scanning time of 3K gate lines within 9ms and 
LC response time within 3ms. The measured MPRT is about 1.1 
ms as shown in Fig. 5, which provides a high quality moving 
picture without motion blur. 

 

(a)                                  (b) 

Figure 5. (a) Addressing timing (b) LC response time. 

 

2.2.3  Circuit design 
When the panel resolution is increased, the loading of the GDC 
(gate driver circuit) will become heavier, so it is necessary to 
increase the size of the components to improve the driving 
capability, resulting in larger left and right borders. When the 
resolution is increased, the vertical space of GDC of each pixel 
will become smaller, so the circuit design can only be laid out in 
the horizontal space, resulting in larger borders on the left and 
right sides of the panel. Considering the requirement of IPD 
(Interpupillary Distance), the left and right borders need to be 
controlled below 2mm. Therefore, Innolux developed GDC 1-to-4 
driver circuit and short-channel component design to reduce 
borders in the future to meet the needs of products, as shown in 
Fig. 6. 

 
(a)                                             (b) 

Figure 6. 1:4 Gate driver circuit. (a) GDC 1-to-2 (b) GDC  
1-to-4 

High-resolution and high-frequency driven pixel charging times 
are short. Therefore, small signal distortion will affect the ability 
to charge. When the resolution and driving frequency are 
increased at the same time, the RC load becomes heavier, and it is 
difficult to realize high frequency driving. In order to solve the 
problem of insufficient charging, we use three-terminal input in 
the circuit design, strengthen the driving ability, optimize the 
signal line load, and reduce the signal distortion phenomenon. 
This enables higher-resolution high-frequency drive, provides 
faster picture refresh rates, and solves dynamic image smearing 
issues, as shown in Fig. 7. 

 

Figure 7. DEMUX 3-end driving. (a) two-terminal input  
(b) three-terminal input 

2.2.4  High brightness and contrast ratio 
The brightness and CR (contrast ratio) are also important 
specifications in a VR display. High brightness and high CR bring 
the immersion to the users. However, when the pixel becomes 
such a small size as 1411 PPI, many issues come out because of 
the low aperture ratio. For example, we have to adopt the metal 
layer as the black matrix to avoid the BM rounding effect, as we 
mention in our previous paper [8]. The optical design should be 
optimized to keep the brightness and CR. In this paper, to increase 

G
D

C 
1to2

G
D

C 
1to2

AA

1 to 2

X

G
D

C 
1to2

G
D

C 
1to2

AA

1 to 4

G
D

C 1to4

G
D

C 1to4

2X

DEMUX

DEMUX

2-end driving

3-end driving

Signal 
Waveform

Signal 
Waveform

(a)

(b)

 70-3 / Y.-H. Wu • Invited Paper

SID 2022 DIGEST • 946 



the aperture ratio, we change the pixel arrangement so that two 
pixels share the black matrix near the TFT device, as shown in 
Fig. 8. This arrangement decreases the area of black matrix and 
increases the aperture ratio. 

         

(a)                       (b) 

Figure 8. (a) Traditional pixel arrangement. (b) BM shared 
pixel arrangement. (c) Traditional aperture design.  
(d) Optimized aperture design. 

The liquid crystal dark fringe caused by the relief of TFT device 
is ignorable in a large size pixel. However, it is critical in a small 
size pixel because the dark fringe results in a low contrast ratio. 
To improve the contrast ratio, we optimize the shape of aperture 
area such that the dark fringe is blocked and the bright fringe is 
transmitted. As a result, the contrast ratio is increased, as shown 
in Fig. 8. 

2.3  Visual Correction 
In order to further simplify computation complexity in LFVR, a 
ray tracing based graphic process “corrected eye box mapping 
“for full visual-corrected function is also included, correction for 
myopia, hyperopia, and even astigmatism are completed as 
reported perilously [9]. In order to obtain comprehensive visual-
corrected function, spherical power (SPH), cylinder power (CYL), 
and cylinder axis (AXIS) should all be considered. As shown in 
Fig. 9, corrected eye box is scaled into different size and direction 
based on the original eye box size. For adjusting the SPH, the 
corrected eye box size is scaled according to the center, as shown 
in Fig. 9 (a). For adjusting the CYL and AXIS, the corrected eye 
box size is scaled in the different ratio and rotation angle from the 
original eye box size in specific axis, as shown in Fig. 9 (b) and 
(c). It’s the same in irregular astigmatism case which re-arranging 
the content inside of corrected eye box size. The simulation is 
done in LightTools with -4D astigmatism along 45° direction, as 
shown in Fig. 10 (a). The corrected result by the proposed 
mapping method is shown in Fig. 10 (b). 

 

(a)                        (b)                       (c) 

Figure 9. Corrected eye box mapping for visual correction 
in (a) spherical power and astigmatism of the (b) cylinder 
power and (c) cylinder axis. 

    

(a)                             (b) 

Figure 10. Proof of concept of LF vision correction (a) 
Astigmatism of -4 D at 45° (b) corrected with proposed eye 
box mapping method. 

Performance of vision correction is also experimented (-3SPH, -
1CYL, 45° AXIS) and (+2SPH, +2CYL, 45° AXIS). Prescription 
lens with opposite power and angle is placed in front of the 
camera for imitating myopia vision. The blurred image is shown 
in Fig. 11 (a) and Fig. 12 (a) show camera focus at 500mm, and 
Fig. 11 (b) LF image with corrected vision. LF image with 
myopia, hyperopia and even AST are both well corrected and 
shown in Fig. 11 (b) and Fig. 12 (b). 

     

(a)                           (b) 

Figure 11. Captured LF image at 500 mm virtual distance 
(a) myopia (-3SPH, -1CYL, 45AXIS), (b) corrected. 

    

(a)                           (b) 

Figure 12. Captured LF image at 500mm virtual distance 
(a) hyperopia (+2SPH, +2CYL, 45AXIS), (b) corrected. 

2.4  Uniformity Improving 
In LF optics, due to partial overlap between elemental images, 
luminance uniformity of final LF image will be affected, and gray 
gird or dot array like pattern can be seen usually. In order to 
further improve uniformity of LF image, a compensating 
luminance distribution like Gaussian based of each EI will be 
considered usually, which can reduce difference of max. between 
min. luminance as shown in Fig. 13 (a). But due to pupil size of 
observer will change under difference ambient brightness, so a 
dynamic modulated compensation combing with eye tracker can 
further improve luminance uniformity as shown in Fig. 13 (c). 
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 (a)               (b)               (c) 

Figure 13. Brightness uniformity of LF image (a) original, 
(b) Gaussian based compensation, and (c) Dynamic 
modulated compensation. 

2.5  Eye Box Expansion 
Due to human eye will scan automatically, so larger eye box is 
also an important requirement in VR product. However, eye box 
will be design tradeoff with other 1st order parameters in LF 
optics, so two approaches are studied and proposed both based on 
information from eye tracker: full digital image calculation and 
LC based beam steering. Fig. 9 show the result of full digital 
image calculation, it can be seen that LF image can be free of 
vignetting and combine correctly even 3mm shift in eye pupil in 
Fig. 14, and about 2x enlarged eye box can be achieved during 
experiment. 

 

(a)                                         (b) 

Figure 14. LF image with 3mm pupil shift (a) w/o 
processing, (b) w/ proposed full digital image calculation. 

3. Prototype and specification 
Specifications of the high resolution light field VR LCD are 
summarized in Table 1. The prototype demonstration is also 
shown in Fig. 15. The LCD panel provides a high quality 3K3K 
resolution image with 1411 PPI and 1.1 ms MPRT. The light field 
VR system provides a 100°×65° binocular FOV with visual 
correction. 

Table 1. 3.1” Light field VR LCD specification 

3.1”  Light field VR LCD 

Resolution 3240 x 2880 

Pixel per inch 1411 

MPRT 1.1 ms 

Field of view 100°×65° 

Pixel per degree 15 

Visual correction active 

 

Figure 15. Prototype demonstration 

4. Conclusion 
In this paper, we successfully demonstrated a 3k3k, FOV 100° 
high resolution light field display. The paper also introduces how 
to use the new circuit and driver design to make a high-resolution 
VR display. At the same time, we use optical simulation methods 
to propose new pixel designs to improve contrast and brightness. 
On the light field display system, we also show how to use light 
field technology to do visual correction to adjust myopia, 
hyperopia and astigmatism. In order to provide a better visual 
experience, it also shows how to use light field technology to 
double the eyebox. 
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