SiIC / GaN via process— in sear ch for perfection

Ju-Ai Ruan, Craig Hall, Harold Isom and Tom Nagle

Qorvo, 500 W Renner Road, Richardson, TX 75080-1324
Phone: (972) 994-3842, e-mail: jruan@tgs.com

Keywords: SIC via etch, smoothness, via side wall

Abstract theby-product, once formed, be removed without using a wet
SiC/GaN via etch and via loop process integration were etch process thatanalso attak the hard mask or the metal
studied. A new etch process region has been developed that  pad under the via. To be able to remove the by-product
produces nearly perfectly smooth via sde wall. Side effect of  jithout a wet etch process, it is desirable that via side wall be
other processes in the via etch process flow was minimized for 346 smooth, especially if the lateral dimension of the via is

improved via quality. much smaller than its depth. Typicallylarger via diameter
can havea higher etch rate, making it easier to produce.
smooth via side wall will facilitate more effective removal of
Interest in GaN deviceim the semiconductor industry for theby—p.roduct without utilizing a wet etch Process.

In this paper, we report the resultsf an improved

high power appllgatlons has increased in recent yéans iC/GaN via formation process withvery smooth via side
example, nearly fifty percent of the papers presented at the

CS MANTECH conference in 2014 were GaN related Gawall for small diameter vias ih00 um thick SiC substrates. 7
has high breakdown voltage, high electron mobility an
saturation velocity [1], making it a very attractive material fo

many applications including high-power, high speed, and Most of the process studies reported in this paper were

high-temperature microwave applications [2-3] conductedon 100 mm GaN wafers with the GaN grown on

Although excellent in glectric perfo_rmance., i (.jeVi.C%iC substrates After completing the frot-side device
has its own challenges in some of its device fabrlcatlop

roceses For example. the maiority of GaN devices Wereabrication process the SiC substrate was then ground and
P b'e. jorrty ?Iished to its final thickness (typical80 um to100um). A

developed using SIC as the substrate for GaN epltaxea}a pattern of various diameter sizes were formed on the SiC

grovvth._ The etch rate of SiC is still limited to approxmatel)éurface A via metal etch mask was deposited onto the SiC
1 um/min, much lower than that of GaAs (GaAs etch rate can .y .
rface The optimized process was extensively evaluated on

. . . oy
easily be made to ~ 6 um/min or higher). The slow etch ra Siitile  production wafers to demonstrate  process
of SiC means that a robust etch mask is needed for tWe egtabilitr; P

. . . . e
backside SiC and GaN via etch process. Dependmg. on {h%or the SiC/GaN via etch, an inductively coupled plasma
etch process conditions, up +810 um metal hard mask . T
(ICP) etch tool with an optimized ICP source was used.

used f_or the via etch [4,5]SiC/GaN via for_mat|on u_t|I|2|ng1 Details of the SiC etch processhave been previously
metallic hard mask makes the overall via formation process

e . reéported [7-8 A variety of new etching conditions were
T et o e o v f etch by procucf/ABIed n s stucy using a8 number of parameler
. P ! yer y-pr .dncluding reactant composition (different gas species and
containing metal can form inside the via along the via si S fferent gas flow rate), process pressure, RF power, and
wall due to theuse of certain metal etch mask®ne may use e ' ’
a wet etch chemical to remove the metal containing b)\/yafer{o-plasme_l source spacing . :
roduct after SiC etch and before the GaN etch. Howev An optical microscope was used for general via inspection.
pre ; ' oramore detailed analysis, the via was analyzed using,SEM
doing so would very likely also etch away the metal mas

) . IB, and EDX to characterize the via shapm side wall
As previously repoed [6], removing the metal mask before . -~ .
. . ; .surface topography, and the chemical composition at the via

the GaN etch can potentially introduce an undesired notchlg%Ie wall surface
effect at the bottom of the via. In addition, it is nof '
uncommon to observe a rough via side wall. A rough viﬁ

. . . > i ESULT
side wall can potentially trap residue inside the via and cause
potential issuesn the subsequent conformal via side wall
metallization.

It would therefore be preferable that thmy-product
formation on the via side wais minimized; and secomg

INTRODUCTION

gXPERIMENT

It is worth to note that the sample preparation appears to
havea substantial effect on the quality of the etched via. This
is shown in Figure 1, where the via for both Figure 1(a) and
Figure 1(b) were etched under very similar etch conditions.
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The via side wall is substantially different between the tw8everal vias were cross-sectionecckamine the via formed
samples. This is believed to be primarily duat@riation of by the optimized process. Examples b tcross-section
the via etch mask. The via hard mask shown in Figure 1(agws are shown in Figuréand Figure 5. In Figure 4, some
hasa better defined circular shape, while the top surface of the filling material inside the via is an artifact of lapping
the via perimeter shown in Figure 1(b) is rougher than that pfocess before imagingln Figure 5, the tojs a section of
Figure 1(a). Bearing this potential variation of the etch magke via making contact with the front side metal as circled in
in mind, subsequent etching process optimization was doRigure 4; the bottom is a magnified view near the corners of
using samples cut from the same wafer. the via.

Figure.l. Via from two different wafers etched under similar dtiods.

Figure 2 compares vias etched under two different etch :
conditions for samples cut from the same wafer (the$yure4. Cross-section cicompleted via.
samples were not cleaned after etch). As shown in Figure
2(a), hevia side wall was very rough under an un-optimized
etch condition While Figure 2(b) shows the via side wall
became much smoother as the etch condition was moved to a
more optimized process. This demonstrates the effect of the
etching condition on the quality of via side wall. The
improvement in the etched vias observed on the small
samples (Figure (B)) was repeated on whole wafers as
shown in Figure 3.

9 .
Figure5. FIB-cross section of the bottom of the.via

Figure 2(a) and Figures 3-5 show that the side wall of the
via etched using the optimized process is smooth, and the
overall via profile and contact with front side metal is
excellent. Additional analysis using EDX indicates that there
is no appreciable amount of foreign materials or by-products

" —— left on the via side wall after a gentle clearhis can be seen
Figure2. Via from two samples cut from the same wafer but etchedrunde . 9

two different conditions(a) sample etched under anoptimized condition; 1" Figure 6, where the EDX signal only showed the presence
(b) sample etched under an optimized condition. of Si and C, the primary composition of SiC.

Ee

Figure 3. Typical via on whole wafers etched under an optichizendition. Figure 6. EDX spectrum of via side wall
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DISCUSSION wall is smooth and the bottom of the via is substantially free
of pillar formation.

The results presented previously shows that although in
most cases SiC / GaN via can be free of pillar defects [6], tEE®ONCLUSION

via side wall can be rough under un-optimized etching ) )
conditions. As the etching process is moved to a more Various factors such as the via hard mask can feave

favorable etch conditign the via side wall can be Significant effect on the via side smoothness. A new etch

substantially smoothened in addition to being free of pilldrocess has been developed that produces nearly perfect
formations at the bottom of via. The via side wall can also §nooth via side walls and is less sensitive to other variations
free of foreign materials and by-products as confirmed tngh as the via etch mask. This etch process has been
EDX spectrum analysis However, in practice, it is not demonstrated to be applicable to small viasthe SiC
convenient to monitor the etch result using SEM for aﬁubstrate with an aspect ratio of 3. It is also shown that a
wafers and for all vias in a production environment. We noiery simple optical inspection can be used as a first gauge of
that in most cases, an optical inspection can easily reveal the via side wall quality without utilizing SEM inspection.
quality of via side wall without much ambiguity. A via with This substantially simplifies the in-line inspection process in
rough side walls often does not havevell-defined shape as @production environment.

the original via pattern, whila via with smooth side walls

maintains the shape of its original pattern as shown in FigUrREFERENCES
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circular shape as shown kiigure 7(b).

Figure 7. Optical images of via focused at the bottom afte/Si@e/ GaN
etch. (a) Via with rough side wall, and (b) via wétimooth side wall.

ACRONYMS

ICP: Inductively Coupled Plasma

EDX: Energy-dispersive X-ray spectroscopy
SEM: Scanning electron microscope

FIB: Focused ion beam

s BIRF 22

I‘:igure8. SEM iniage of é"squ_a're‘ via with aspect ratio of 3.
Figures 2-7 are for via with aspect ratio ~ 2, where the
aspect ratio is the ratio between via depth and via diameter
for a circular via, or between the via depth and the via width
for square or rectangular vias. The optimized etch process can

extends well to higer aspect ratio vigsFigure 8 is an
example of square via with aspect ratio of ~3. The via side
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