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Abstract: A full-color micro-display via bonding of a InGaN blue/green dual-wavelength light-
emitting diode (LED) array and a AlGaInP red LED array is demonstrated. The micro-display
has a 120 µm pixel pitch, and each pixel consists of 40 µm × 120 µm red/green/blue (R/G/B)
subpixels. The red LED array was integrated with the blue/green dual-wavelength LED array
by Au/In flip-chip bonding to achieve full-color emission. Full-color images presented by the
micro-display have high brightness and a wide color gamut. This heterogeneous integration
technology using conventional LED materials shows the feasibility of a cost-effective approach for
reliable high-performance full-color LED micro-displays in virtual reality (VR) and augmented
reality (AR) devices.
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1. Introduction

Micro-display technologies have received much attention in recent years with the fast development
of virtual reality (VR) and augmented reality (AR) [1]. Micro-displays are typically small
near-eye displays (NEDs) essential for VR/AR applications [2]. Inorganic light-emitting diodes
(LEDs) are recognized as an appealing technology for future micro-displays due to their better
performances in the aspects of brightness, power consumption, response time and lifespan [3–6]
compared with the more mature liquid crystal (LC) and organic LED (OLED) technologies.

In the past two decades, researchers have made remarkable progress on monochromatic LED
micro-displays using monolithic fabrication. Numerous reports have shown blue and green
LED micro-displays using InGaN-on-sapphire LEDs [7–9] and InGaN-on-silicon LEDs [10–12].
Red LED micro-displays have also been presented using sapphire-bonded [13,14] and thin film
AlGaInP red LED epi-layers [15]. Currently, monochromatic LED micro-display technologies
have already realized > 5,000 pixels per inch (PPI) with a pixel diameter of 2 µm [16]. In
contrast, the progress of full-color LED micro-displays has been relatively unsatisfactory. There
are significant technical challenges for full-color realization combining red/green/blue (R/G/B)
LEDs that come from different epi-wafers [17,18]. Although transferring multiple individual
LED chips in one go is a possible full-color solution, it is a yet to mature time-consuming process,
associated with yield issues as the display and pixel sizes scale down and number of pixels
increases [19].

Color conversion technology has been adopted for full-color LED micro-displays without the
need of placing substantial numbers of R/G/B LED chips on the same driving substrate. A color
conversion layer, containing red or green quantum dot (QD)-based materials, can be coated on
the pixels of monochromatic blue LED micro-displays by inkjet printing or photolithography
[20–22]. QD-based color conversion materials can reach 30% or higher conversion efficiency
[23]. However, absorption of the pumping light is usually insufficient because of limited light
extraction, aperture, and optical density of color conversion patterns. As a result, the luminance
of the display is only ∼103 cd/m2 after applying color conversion layers as reported to date [20].
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In addition, optical crosstalk is severe between LEDs and color conversion layers, significantly
deteriorating the color purity [22]. The stability of QD-based materials [24] is also yet to be fully
investigated, especially under large current and high luminance conditions where excessive heat
is generated. Possible material degradations can affect the reliability of the color conversion in
full-color LED micro-displays. All these issues of color conversion technology remain to be
satisfactorily resolved.

Other approaches without color conversion have also been investigated. Works on full-
color InGaN LEDs by tuning material growth [25] or by intentional wavelength shift [26]
present inefficient emission intensity due to the difficulties in growing red emitting InGaN [27].
Heterogeneous integration of InGaN and AlGaInP LEDs, such as wafer stacking [28] and adhesive
epi-layer bonding [29,30], are potential solutions for high-brightness full-color micro-displays.
Nevertheless, it is challenging to integrate three different epitaxial layers of LEDs, and driving
of the micro-displays is significantly complex. Thus, simplification of the integration process
is highly desirable. Previously, we reported InGaN blue/green dual-wavelength LEDs grown
and fabricated using the same monochromatic LED process [31,32]. Blue and green subpixels
can be formed on the same epi-wafer so that the heterogeneous integration process for full-color
micro-displays is greatly simplified. Only AlGaInP red LED arrays are required to be bonded
by flip-chip technology [15] to the driving substrate with dual-wavelength LEDs for full-color
realization.

Here, we report demonstration of a full-color LED micro-display using heterogeneous
integration technology. The micro-display has 32× 32 full-color pixels and a pixel pitch of
120 µm that consists of 40 µm× 120 µm R/G/B subpixels. The blue and green subpixels were
monolithically fabricated using color filters (CFs) on InGaN dual-wavelength LED epi-wafers,
and thin film AlGaInP red LED subpixel arrays were flip-chip bonded afterwards. The full-color
LED micro-display is driven on a printed circuit board (PCB) using constant current driving. The
full-color LED micro-display exhibits high brightness and a wide color gamut. Several graphics
are shown to demonstrate the display feasibility. The results prove that this heterogeneous
integration technology has a unique simplicity in manufacturing high-performance full-color
LED micro-displays.

2. Fabrication of full-color LED micro-display

2.1. LED epi-wafers

InGaN blue/green dual-wavelength LED epi-layers were grown on a 2-inch c-plane sapphire
substrate (450 µm thick) in our close-coupled showerhead (CCS) metal-organic chemical vapor
deposition (MOCVD) system. The epi-structure (Fig. 1(a)) contains 0.8 µm undoped GaN, 3.0
µm n-GaN, 10×GaN/InGaN shallow wells, 5×GaN/InGaN multiple quantum wells (MQWs), a
50 nm electron blocking layer and 200 nm p-GaN grown sequentially on the sapphire substrate.
The quantum well (QW) region has 3× blue emission QWs at the bottom, 1× green emission
QW in between and 1× blue emission QW on the top. The emission wavelength of the QWs is
controlled by changing the growth temperature, while other growth parameters are kept identical.
To obtain LEDs with comparable blue and green peaks, the top blue QW is necessary to balance
the carrier injection into the blue and green QWs. Without the top blue QW, the LEDs show
mainly green emission [33].

AlGaInP red LED epi-wafers are commercial wafers for flip-chip epi-down LEDs. The
epi-layers were grown on a 4-inch (001) n-GaAs substrate (350 µm thick) by MOCVD. The
epi-structure (Fig. 1(b)) has a 300 nm GaInP etch stop layer, 100 nm n-GaAs contact layer, 3.4
µm n-AlGaInP current spreading layer, 0.7 µm n-AlInP cladding layer, 0.5 µm AlGaInP QW
active layer, 1.2 µm p-AlInP cladding layer and 2 µm p-GaP window layer, from the substrate to
the top. The GaInP etch stop layer has a high selectivity when the absorbing GaAs substrate is
removed by wet etching [34]. Note that the n-GaAs contact layer was grown originally for the
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Fig. 1. Structures of (a) InGaN blue/green dual-wavelength and (b) AlGaInP red LED
epi-wafers. EL spectra of (c) dual-wavelength and (d) red LEDs.

n-electrodes of vertical LEDs, and serves no purpose in our work due to a different electrode
structure design in which n-electrodes are formed on the n-AlGaInP layer.

The electroluminescence (EL) spectra of InGaN dual-wavelength and AlGaInP red LEDs
were measured using 320 µm-diameter circular devices. The EL spectra of a typical InGaN
dual-wavelength LED at different current intensities are plotted in Fig. 1(c). At 20 mA (25
A/cm2), the blue peak is at 458 nm with a full width at half maximum (FWHM) of 24 nm, and
the green peak is at 538 nm with a FWHM of 36 nm. The two peaks are well-separated, which
means that the undesired peak is easily filtered out by the blue/green CFs to form monochromatic
subpixels. The blue emission becomes stronger with the increase of driving current, which is
attributed to more hole injection into the three bottom blue QWs [35]. The EL spectrum of a
typical AlGaInP red LED at 20 mA (25 A/cm2) is shown in Fig. 1(d). The red peak is at 627 nm
and the FWHM is 24 nm. All the R/G/B emission peaks have narrow FWHMs, presenting good
monochromaticity.

2.2. Fabrication of dual-wavelength LED array

Blue and green subpixels for the full-color LED micro-displays were fabricated on the InGaN
blue/green dual-wavelength LED epi-wafers, as shown in Fig. 2(a)–(d). Isolation trenches were
etched in BCl3-Cl2 plasma using SiO2 as a hard mask to form electrical isolation between
subpixels. Subpixel mesas of 1 µm in height were then etched in the same way, and a 115 nm
indium tin oxide (ITO) current spreading layer was deposited on top of the mesas. Each full-color
pixel consists of two dual-wavelength subpixels and a blank area for red LED bonding. The
size of the subpixels is 40 µm× 120 µm with an emitting area (mesa) of 23 µm× 97 µm. A
Ti/Al/Ti/Au (20/200/50/50 nm) metal stack was deposited on the n-GaN layer as n-electrodes.
Before p-electrode deposition, a red CF was filled into the isolation trenches to suppress optical
crosstalk and a transparent overcoat photoresist was cured as an insulating layer [32] covering the
n-electrodes. The p-electrodes are thicker than the n-electrodes (Ti/Cu/Ti/Au, 100/1500/20/20
nm) to reduce resistance, providing a more uniform driving current [32]. Finally, 1.5 µm-thick
blue and green CFs were coated on the dual-wavelength subpixels for blue and green emission,
respectively. The CF materials used in the fabrication are commercial colored photoresists widely
used in flat panel displays. The bonding pads for the red subpixels were left open without any
coating, as labelled in Fig. 2(e). The bonding pads for the n-electrodes are about 1.6 µm thicker
than those for the p-electrodes, partially offsetting the mesa height difference of the AlGaInP red
LED subpixels.

2.3. Fabrication of red LED array

Red subpixels for the full-color LED micro-displays were fabricated on AlGaInP red LED
epi-wafers, as shown in Fig. 3(a)–(d). Similar to our previously reported work on red LED
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Fig. 2. The fabrication process of the dual-wavelength LED array: (a) etching of isolation
trenches and pixels; (b) deposition of n-electrodes; (c) deposition of p-electrodes; (d) CF
coating. Each layer is labelled according to the legend in the top right-hand corner (some
epi-layers are omitted). (e) A photomicrograph of a full-color pixel (without red subpixels
bonded) after the fabrication process.

micro-displays [15], 120 nm-thick Au p-electrodes were patterned, followed by the etching
processes of the isolation regions and subpixel mesas in BCl3-Cl2-Ar plasma using SiO2 masks.
The mesa of each red subpixel is 27 µm× 114 µm with a height of 5 µm. Isolation regions are 7
µm-deep, and not fully etched away by dry etching at first. Since plasma dry etching of (Al)GaInP
is non-selective to the GaAs substrate, the remaining n-AlGaInP/n-GaAs/GaInP layers in the
isolation regions were removed by wet etching, using HCl-H3PO4, diluted H3PO4-H2O2, and
HCl-H3PO4 in sequence [36]. These isolation regions also work as transparent window regions
(to be discussed in Section 3.1). Ge/Au/Ni/Au (40/40/24/100 nm) n-electrodes were deposited
on the n-AlGaInP. After electrode fabrication, 1 µm-thick SiO2 was coated as a passivation layer
to protect the red LED subpixels, and as an etch stop layer in the isolation regions. Contact holes
of 10 µm in diameter were subsequently etched on the n- and p-electrodes. Around 6 µm-thick
bisbenzocyclobutene (BCB) was filled into the surrounding mesas by spin-coating and etched
back in O2-CF4 plasma, as BCB can improve the mechanical strength of the thin film red LED
array. Finally, 2 µm-thick In patterns were deposited on the contact holes by thermal evaporation.
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Fig. 3. The fabrication process of the red LED array: (a) etching of isolation regions and
pixels; (b) deposition of n-electrodes and a SiO2 passivation/etch stop layer; (c) BCB filling
and etching; (d) formation of In solder bumps. Each layer is labelled according to the legend
in the top right-hand corner (some epi-layers are omitted). (e) A photomicrograph of red
LED subpixels after the fabrication process.

With the help of water-soluble flux, the In patterns were reshaped into 10 µm-high solder bumps
by the reflow process at 230 for 10 s on the hotplate. A photomicrograph of the red LED array
before bonding is given in Fig. 3(e).

2.4. Heterogeneous integration

Chip-level heterogeneous integration is conducted for full-color realization. The size of
the dual-wavelength LED chip is 8.92 mm× 6.60 mm and the size of the red LED chip is
4.24 mm× 4.46 mm. The display area is 3.84 mm× 3.84 mm (32× 32 resolution with a 120 µm
full-color pixel pitch) on the dual-wavelength LED chip. The red LED chip was flip-chip bonded
onto the display area of the dual-wavelength LED chip by Au/In bonding. A manual flip-chip
bonder with a placement accuracy of 0.5 µm was utilized to align and place the chips. Afterwards,
the chips were heated to 230 ℃ from the ambient temperature at a ramp rate of 4 ℃/s under
a 200 N bonding force and the temperature was kept for 2 minutes (Fig. 4(a)). Indium solder
bumps on the p-electrodes were pressed flat above the eutectic temperature during the bonding,
and thus 10 µm solder bumps are sufficient to fill the gap between the n-electrodes of the red
LEDs and n-bonding pads on the dual-wavelength LED chip.
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Fig. 4. (a) A diagram of the flip-chip bonding process. (b) A photo of the LED micro-display
chip with silicone protection before removing the GaAs substrate. (c) A diagram of the
GaAs substrate removal process. (d) A photomicrograph of R/G/B subpixel arrays after the
heterogeneous integration process. (Some structures of the micro-display chip are omitted
in diagrams (a) and (c))

After bonding, the periphery of the red LED chip was sealed with silicone, cured at 120 ℃
for 2 hours. A photo of the LED micro-display chip after silicone curing is shown in Fig. 4(b),
with the chip size labelled. Silicone not only prevents the underlying pixels from being damaged
in the wet etching of the GaAs substrate, but also provides extra support to the edge of thin
film red LEDs to avoid deformation and cracking. Photoresist was coated on other areas of the
dual-wavelength LED chip to protect the metals. The 350 µm-thick GaAs substrate covering
the red LED subpixels was then totally removed in ammonia-H2O2 (Fig. 4(c)). The substrate
etching was terminated at the GaInP/GaAs interface (in red subpixel regions) or the SiO2/GaAs
interface (in isolation regions) with a high etching selectivity. The photomicrograph of the LED
micro-display chip after removal of the substrate is shown in Fig. 4(d). The entire AlGaInP red
LED array with SiO2/BCB filling was finally uniformly bonded next to the blue/green subpixels
on the dual-wavelength LED chip. The small overlap between red and green subpixel columns is
due to the lateral misalignment of the two chips, which can be optimized by enlarging the window
regions on the red LED array. Full-color emission is easily realized on this heterogeneous LED
micro-display by driving the addressable R/G/B subpixels.

3. Characterization and discussion

3.1. SiO2/BCB composite layer in window regions

In the heterogeneous full-color LED micro-display, the thin film AlGaInP red LED layer is placed
on top of the InGaN blue/green dual-wavelength LED layer, and transparent window regions
in the red LED layer above the underlying blue/green subpixels are formed. Otherwise, the
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absorbing AlGaInP-based epi-layers would block all blue/green light emission. In the design
of the AlGaInP chip, the isolation regions between the red LEDs (labelled in Fig. 3(a)) are the
transparent window regions, which were previously defined in the chip fabrication process. All
semiconductor epi-layers in these regions were removed, including the GaInP etch stop layer.
However, these window regions cannot be left without any protection in the substrate wet etching
process. Without an etch stop layer, ammonia-H2O2 etchant would flow through the window
regions, destroying all underlying metal connections and subpixels during the removal process of
the GaAs substrate.

To prevent damage from the etchants, a transparent SiO2/BCB composite layer was filled
into the window regions as an etch stop layer between the red LED subpixels: a 1 µm-thick
SiO2 layer was first deposited and a 6 µm thick BCB layer was then filled in. Substrate wet
etching would stop at the surface of the SiO2/BCB composite layer with a high selectivity and
etchants cannot penetrate through this layer. Although both SiO2 and BCB do not react with
the ammonia-H2O2 substrate etchant, it is not preferable to solely coat a single layer of either
SiO2 or BCB as the etch stop layer. A single layer of 1 µm-thick SiO2 is fragile, especially in
the window regions where no solder bumps provide mechanical support. The residual stress
induced by the flip-chip bonding can easily break the SiO2 layer during the substrate etching
process. A single layer of 6 µm-thick BCB, meanwhile, has enough mechanical strength, but
the adhesion to semiconductor sidewalls is not as firm as that of SiO2. During removal of the
substrate, etchants attack the BCB/semiconductor interface and finally cause the BCB layer to
fall off. The SiO2/BCB composite etch stop layer avoids these pitfalls: SiO2 provides reliable
sidewall adhesion and BCB enhances the strength of the whole thin film array. This composite
structure in the window regions plays a key role in the heterogeneous integration technology.

Figure 5(a) is a cross-sectional scanning electron microscope (SEM) image of the
semiconductor/SiO2/BCB interface on the GaAs substrate. Prior to the deposition of SiO2, all
semiconductor epi-layers in the window regions were removed by wet etching and the smooth
surface of the GaAs substrate was exposed. A rough surface or etching residue on the GaAs
will greatly compromise the adhesion and integrity of the deposited SiO2, which could fail to
resist etchants in the substrate wet etching process. In our work, the interface between the 1
µm-thick SiO2 layer and the GaAs substrate is defect-free. The SiO2 also has a full step coverage
on the sidewall of the red LED subpixels. At the same time, the 6 µm-thick BCB layer adheres
well to the SiO2 layer at both the window regions and the sidewall. The rough BCB surface
originated from the O2-CF4 plasma etching can be further optimized. Figure 5(b) shows the
semiconductor/SiO2/BCB interface after flip-chip bonding and removal of the substrate. The
top SiO2 layer sticks well to the adjacent GaInP, forming an entire etch stop layer to protect
the underlying subpixels. The defect-free morphology and sidewall adhesion of the SiO2/BCB
composite layer is retained after substrate etching, proving a sufficient etching resistance and
high stability.

Fig. 5. Cross-section SEM images of the AlGaInP red LED chip showing the SiO2/BCB
composite layer: (a) on the GaAs substrate; (b) after removal of the GaAs substrate.
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3.2. Characterization of full-color micro-display

Typical I-V characteristics of single R/G/B subpixels (Fig. 6(a)) were measured using a probe
station after all the fabrication processes. All three kinds of subpixels exhibit low reverse leakage
current (< 1 nA) at −5 V, which indicates few defects in the epi-layers and LED sidewalls. The
forward voltages of the R/G/B subpixels at 25 A/cm2 are 2.04 V, 3.51 V and 3.46 V, respectively.
The blue and green subpixels have similar electrical characteristics since they were fabricated
from the same dual-wavelength LED epi-wafer. The full-color micro-display is driven on a
PCB by a commercial passive-matrix LED display controller, and has a resolution of 32× 32,
containing 32 rows and 96 columns (32×R/G/B subpixels). All LED subpixels within each row
share the same p-electrode, and subpixels within each column share the same n-electrode. Row
scan signals of 5 V are applied to the p-electrodes via a 5–32 decoder that is made from 3–8
decoders (SM5166P) and inverters (74HC04). The n-electrodes are connected to the constant
current LED sink driver chips (MBI5026) that can adjust the output current by external resistors.
The driving current of each green and red subpixel is set to 1 mA, while that of each blue subpixel
is 2 mA. The higher driving current of blue subpixels satisfies the luminance requirement for
color mixing. The current density of the R/G/B subpixels is 32 A/cm2, 45 A/cm2 and 90 A/cm2,
and the corresponding forward voltage is 2.12 V, 3.84 V and 4.43 V, respectively. All subpixels
have low enough voltages to be driven under the 5 V scan signals. The full-color micro-display is
driven at a frame rate of 120 frames per second. The scan duration of each row is 1/32 of the
frame duration (1/32 scan mode) and the maximum power consumption of the LED array on the
micro-display chip is 0.5 W.

Figure 6(b) shows the EL spectra of full-screen R/G/B monochromatic emissions from the
full-color micro-display. The green and red emissions from the micro-display are relatively pure,
while the blue emission has some green leakage. Figure 6(c) shows the transmittance spectra of
1.5 µm-thick blue and green CFs coated on the dual-wavelength LEDs. The color purity of blue
emission is limited by the absorption blue CF material, which is insufficient at the wavelength
shorter than 540 nm [37]. The peak wavelengths of the R/G/B emissions are 629 nm, 531 nm and
447 nm. Their CIE 1931 color space coordinates (x, y) are (0.70, 0.30), (0.21, 0.69) and (0.15,
0.14), respectively. The blue point slightly shifts to the green side because of the green leakage
from blue subpixels, and this issue can be solved by coating thicker CF or increasing the optical
density of CF. The chromaticity diagram of the EL spectra indicates that the color gamut of the
full-color micro-display is comparable with that of standard RGB (Fig. 6(d)). A full-screen white
pattern with color coordinates (x, y) of (0.30, 0.29) was demonstrated after tuning the brightness
of the R/G/B subpixels. Figure 6(e) is the photos of the R/G/B and white colors shown on the
micro-display chip. The luminance of the micro-display showing full-screen white color (0.30,
0.29) is 6.4×103 cd/m2 at 1/32 scan driving. It is possible to reach a luminance over 105 cd/m2

using active-matrix driving with a higher driving duty ratio. Figure 6(f) presents examples of
full-color images shown on the micro-display. It can appropriately reproduce colors and details
of original images. No short nor open circuit line exists, and some dead pixels are attributed to
unsatisfactory sidewall coating of p-electrodes due to the limitations of the process equipment.
All photos of the micro-display in Fig. 6(e) and Fig. 6(f) were captured at an exposure time of
1/20 s, and the brightness of the micro-display was set to 10% to prevent over-exposure of photos.
Specifications of the heterogeneous full-color LED micro-display are summarized in Table 1.
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Fig. 6. (a) I-V characteristics of a single R/G/B subpixel. (b) EL spectra of the LED
micro-display showing R/G/B colors. (c) Transmittance spectra of 1.5 µm-thick blue and
green CFs. (d) The CIE 1931 color space coordinates (x, y) of R/G/B colors and color
gamut of the LED micro-display. (e) Photos of the LED micro-display showing R/G/B and
white colors. (f) Original full-color images and their corresponding demonstration on the
micro-display.
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Table 1. Specifications of the heterogeneous full-color LED micro-display

Item Specification

Chip Size 8.92 mm× 6.60 mm

Screen Size 3.84 mm× 3.84 mm

Resolution 32× 32×RGB

Pixel Pitch 120 µm (subpixel: 40 µm× 120 µm)

Pixel Density 212 PPI

Fill Factor 52%

CIE 1931 Color Space Coordinates (x, y)
red: (0.70, 0.30)

green: (0.21, 0.69)

blue: (0.15, 0.14)

Brightness 6.4×103 cd/m2 (full-screen white color)

Driving Method passive-matrix, 1/32 scan

Power Consumption ≤ 0.5 W (LED array)

4. Conclusion

A full-color LED micro-display was fabricated by heterogeneous integration of InGaN blue/green
dual-wavelength and AlGaInP red LED arrays. The InGaN dual-wavelength LED epi wafers
were grown on sapphire substrates and commercial AlGaInP red LEDs on GaAs substrates. Both
dual-wavelength and red LEDs were monolithically fabricated on the native epi-wafers using
microelectronic fabrication technologies. Blue and green LED subpixels on the dual-wavelength
LED chip were realized by coating blue and green CFs and driven at different current densities.
The red LED chip was flip-chip bonded to the dual-wavelength LED chip using indium solder
bumps. Subsequently, its GaAs substrate was removed by wet etching, leaving addressable thin
film red LED subpixels. Blue and green light are transmitted through window regions of the
thin film red LED array, where semiconductor epi-layers removed previously were filled with a
transparent SiO2/BCB composite layer. The full-color LED micro-display has a resolution of
32× 32 full-color pixels, and each pixel has a 120 µm pitch consisting of 40 µm× 120 µm R/G/B
subpixels. All three kinds of subpixels show acceptable forward voltages and low reverse leakage
currents. Constant current 1/32 scan passive-matrix driving is adopted for the full-color LED
micro-display. Panel-level characterization proves that the micro-display has a wide color gamut
comparable to that of standard RGB, and the full-screen white emission from the micro-display
exhibits 6.4×103 cd/m2 luminance at a power consumption of no more than 0.5 W. Image
demonstration with a wide color gamut on the full-color micro-display illustrates that it is a
feasible and cost-effective technology to produce high-performance full-color LED micro-displays.
Based on this full-color micro-display prototype, the pixel pitch can be further reduced to less than
20 µm for practical VR/AR devices [38] in the future. This heterogeneous integration technology
also shows the potential for active-matrix driven micro-displays, by sequential flip-chip bonding
of a dual-wavelength LED array and a red LED array on an active-matrix driver chip. In this
case, using dual-wavelength LEDs still helps to simplify the fabrication procedures and reduce
the cost, in contrast with bonding blue and green LED arrays on the driver chip separately.
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