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Tapered sidewall dry etching process for GaN and its applications in
device fabrication

H. W. Choi,? C. W. Jeon, and M. D. Dawson
Institute of Photonics, University of Strathclyde, Wolfson Centre, 106 Rottenrow, Glasgow G4 ONW, United
Kingdom

(Received 29 June 2004; accepted 1 November 2004; published 5 Januayy 2005

A method of etching which allows the direct interconnection of multiple GaN-based devices is
introduced. The mesa structures of devices are etched using an isotropic recipe which produces
tapered sidewalls. The degree of inclination can be readily controlled through various etching
parameters, which include the inductively coupled plasma power, plate power, and pressure, thus
modifying the vertical and lateral etch components. This approach has been successfully adopted in
the fabrication of interconnected and matrix-addressable microlight-emitting diodes, and offers
superior optical and electrical performance and a high degree of uniformity compared to similar
devices fabricated using conventional proces&&2005 American Vacuum Society.
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[. INTRODUCTION manifests itself in the form of degraded electrical and optical
properties in the fabricated devices. More importantly, non-

The formation of mesa structures in the fabrication ofuniformity in light emission across the array is often ob-

GaN-based photonic devices is commonly achieved througBerved.

dry etching processes, due to the resistance of the material to Consequently, the tapered-sidewall approach is introduced

wet chemical etching. Of these, inductively coupled plasmdn this article to target this problem. The sidewalls of the

(ICP) dry etching has proven to be particularly attractive,individual devices can be made to have an inclination of

offering etch rates of up te-1 um per minute compared to 20°-45° to the vertical. As a result, conformal step coverage

tens of nanometers per minute for conventional reactivelys possible for mesa structures with a height of up-® um.

ion etching(RIE).* Typically, the etch process should yield Not only can devices can be interconnected directly by metal

high etch rates and selectivities, minimal surface roughenindines with this process, but improvements to the planarization

good reproducibility, and a high degree of anisotropy. All of scheme can also be achieved, as void formation can be

these properties can be achieved with ICP etching. avoided during deposition of the sacrificial mate(sich as
Anisotropic etching produces vertical and smooth side-SiO,).

walls, which is critical for the operation of the edge-emission

laser. However, other photonic devices like light-emitting di- ||, EXPERIMENTAL DETAILS

odes (LEDs) and vertical cavity surface emitting lasers

(VCSEL‘.S ldo.ant si;mctly requt|re \Ler'ucal_ sﬂ_ewallsa_ﬁWhne STS Multiplex ICP system. ICP etching is suitable because
?O”V‘*T 'C? Sé; ewa sthmay no r:”na € a signi Lca? II e'rertlﬁeof its ability to control the vertical and lateral etch compo-
10 a singie device, they can piay an important role in €, q g through the variation of parameters, which include the
interconnection of multiple devices in an array.

ICP and plate powers, ambient pressure and temperature, and
Arrays of microsized LEDs and VCSELSs have been dem P P P P

trated | t veatd as devi hich b q the gas chemistries. Mesa structures with widths ofu2®
onstraled In recent years,as devices which can be Used as g 5 separation of Am were etched using photoresist as a

microdisplays and o_ptlcal swltc_:h_es in communlcatlon net'masking materiakShipley SPR220, nominal thickness of
works. Interconnection of individual devices cannot be

hieved th h di Ll ) H Ll 7 um) under a range of conditions. The sidewalls were ana-
achieved through direct metal fines, since the meta ayeg'zed by cleaving the samples across the mesa structures and

The tapered sidewalls were formed by ICP etching using a

cannot provide satisfactory step-coverage across the shar le cross-sectional profile was examined by scanning elec-
edged mesa structure.

. tron microscopy.
Traditionally, the problem has been overcome by the pro-

cess of planarization. A sacrificial material is deposited OVl RESULTS AND DISCUSSIONS

a surface with uneven topology. This is followed by pla-

narization through dry etching or chemical-mechanical pol-A. Tapered-sidewall etching

ishing to expose the devicg re_gioﬁWhiIe planarizatiop has_ A variety of process recipes can be tailored to meet the

been _adopted for the fabrication of GaN-based devices, it '§pecifications, depending on their specific purposes. In this

not without drawbacks. Nonrecoverab_le damage often_ form§tudy, the plasma chemistry for the processes were fixed at

on thep-type GaN surface due to etching or abrasi8iThis 20 sccm CJ/8 sccm BCY/5 scem Ar, while the tempera-
ture and pressure were maintained at 30 °C and 5 mTorr,

¥Electronic mail: anthony.choi@strath.ac.uk respectively. On the other hand, the ICP and plate powers
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TasLE |. Typical conditions for anisotropic etching of GaN.

ICP RIE dc Etch rate/ Inclination
Conditions power/W power/W bias/V nm mirt Selectivity (°)
A 550 65 -160 2240 1:1.3 ~25
B 650 50 -125 1670 1:2.13 ~33
C 650 30 -90 767 1:2.96 ~40

were varied to produce direct curreiolc) bias ranging from tively.

-90 to —160 V. The complete list of processing conditions In general, a greater angle of inclination reduces the
is tabulated in Table I. It can be seen that as the dc bias isharpness of the edge and improves step coverage. Hence,
reduced, the gradient of the tapered sidewall also reducegtching under conditions C would be most suitable for this
This can be understood in terms of the directionality of thepurpose. However, the low etch rate achievable with this
ions in the plasma. To achieve an anisotropic etch, a larggecipe places severe limitations on the depth of the mesa that
RIE platen power is typically applied resulting in impinging ¢4 pe etched. As an example, the thickness of a typical

ions having high energies and acceleration in the vertica i iqe-based device is-3.5 um. Based on a demonstrated
direction. When the dc bias voltage is reduced, ion energieg,[Ch rate of 767 nm/min and a selectivity of 1:2.96, the

are lower apd mfluepce from the vertical electric field IS thickness of the photoresist has to be more thapA Not
reduced. This effect is enhanced by the lateral force COMPO: 1\ are such photoresists uncommon. but the resolution
nent introduced by the ICP power coil around the chamber. y P '

Hence, ions are not confined to vertical pathways. Undei;;\chlevable with thicker photoresists is also generally lower.

such conditions, areas close to the edge of the masking m&€Nce. & two-step etch recipe based on a combination of A
terial are less likely to be exposed to the ions, and a tapere‘i’f1d C can be adopted, which can then benefit from the
sidewall is produced. Cross-sectional scanning electron mi2igher etch rates of recipe A and the isotropy of recipe C. A
croscopy(SEM) images of mesa structures etched under concross-sectional SEM image of the resultant structure is

ditions A and C are Shown in F|gs(ab and Ib), respec- ShOWn in F|g 2. The tWO-Step gradient enabled represents an
improvement to the single etch procedure.

A further variation of the process involves the technique
of resist reflow, commonly used for the fabrication of micro-
lenses. After resist patterning, the samples are left on a hot-
plate (set at 115 °¢ for 3 min. Etch recipe A is employed
for this etch. The gentle gradient achieved with this process,
as illustrated in Fig. 3, represents a direct transfer of resist
profile onto the GaN mesa structure, enabling uniform metal
coating across the entire surface. Of course, this process is
not without drawbacks. From the figure, a substantial loss of
critical dimension can be observed. Hence, this process is not
suitable for micron-scale devices.

(b)

Fic. 1. SEM image showing the cross-sectional profile of a tapered-sidewalFic. 2. SEM cross-sectional image of a GaN mesa structure etched using a
GaN mesa structure etched usi@y conditions A andb) conditions C. two-step etching procedure.
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Fic. 3. SEM cross-sectional image of a GaN mesa structure. The masking
pattern used in this etch has been treated with a thermal-reflow process.

B. Application to device fabrication

The processes developed here are targeted at the fabrica-
tion of InGaN-based microlight emitting diode@nicro-
LEDs), there being linear or two-dimensional arrays of
micrometer-sized LEDs. Up to now, two variants of these
devices have been extensively developed with specific appli-
cations: interconnected micro-LEDs as high efficiency
emitters’ and matrix-addressable micro-LEDs for microdis-
play purposef at wavelengths varying from 370 ntear-
ultraviole to 520 nm(green. Figure 4 shows the planar
view of a region of a completed micro-LED array with the
135-um-thick Au metal lines running conformally across the
3.4 um mesa columns. Application of the tapered sidewall (b)
etching scheme has resulted in significant improvements to
the 0pe-rati0nal performance Ov-er devices fabrica}ted usmgle 5. Comparison of the emission uniformity in interconnected micro-
conventional approaches as evident from the microphotorer, e ices emiting at 470 nm fabricated usiay planarization andb)
graphs in Fig. 5. In Fig. @), the emission characteristics of tapered-sidewall techniques.
an interconnected array of 12m micro-LEDs emitting at a

wavelength of 470 nm fabricated by the “standard” pla-
narization technique is shown. As a result of extensive surproach, light emission is uniform across the complete array,

face damage due to abrasion, the light emission pattern iss illustrated in Fig. &). Such uniformity also applies to the

extremely nonuniform. Adapting the tapered-sidewall ap-electrical characteristics of the devices. Using the same etch-
ing technique, microdisplays with a resolution of 2286

have been demonstrated, and is illustrated in Fig. 6.

Ll L T LI T A T R R T
L L L L 0 T

Fic. 4. Microphotograph image of a matrix-addressable micro-LED device,
fabricated using the sloped-sidewall process. Note the metal lines runninBic. 6. Operational image of a 12896 elements microdisplay, with an
conformally across the GaN columns. arrow pattern illuminated at a wavelength of 520 nm.
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IV. CONCLUSIONS S. A. Smith, C. A. Wolden, M. D. Bremser, A. D. Hanser, R. F. Davis,

. and W. V. Lampert, Appl. Phys. Lett71, 3631(1997.
In summary, a method Contm"ably of producmg mesa 2K. M. Geib, K. D. Choquette, D. K. Serkland, A. A. Allerman, and T. W.

structures with tapered sidewall in GaN-based materials has pargett, IEEE J. Sel. Top. Quantum Electrd$). 943 (2002.

been introduced. ICP etching is used because of the ability to®s. x. Jin, J. Li, J. Y. Lin, and H. X. Jiang, Appl. Phys. Leff7, 3236
control the vertical and lateral etch components simulta- (2000.

neously. By adjusting a combination of parameters, taperedAC- W. Jeon, H. W. Choi, and M. D. Dawson, IEEE Photonics Technol.
sidewalls can be formed, with inclination angles ranging She?,-vlgh@lg(zjoogh AR Lap AT S Wee Ao
from 25° to 40°, allowing for conformal metal coverage Hys: Letz'ﬁ'ﬂ‘%(;;é@" aman, 7. = Fan, and A. 1. 5. e, AP
across the mesa structures. The process has been successfully \y cnoi, s. 3. Chua, and S. Tripathy, J. Appl. Phgg, 4381(2002.
adopted for the fabrication of interconnected and matrix- 7y w, choi, M. D. Dawson, P. R. Edwards, and R. W. Martin, Appl. Phys.
addressable micro-LEDs, where superior performance and Lett. 83, 4483(2003.

uniformity have been achieved compared to devices fabri- ®H. W. Choi, C. W. Jeon, and M. D. Dawson, IEEE Electron Device Lett.

cated using conventional techniques. 25, 277 (2004
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