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A Practical Backside Technology for Indium Phosphide MMICs
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Abstract: A wet etching process for backside via holes suitable for use on InP MM ICs technologies is developed for
indium phosphide substrate. PMM A is used to mount InP wafer onto glass carrier. Spattered Ta film is utilized as
etch mask. HCI+ H3POu solution realised a etch until a depth of 100um. It is demonstrated that the wet etching

backside process is controllable with large latitudes.
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1 Introduction

The fabrication of through-wafer via holes is
an essential step in making InP MMICs and the
through-via provides a low inductance path be-
tween the front side source electrodes and the
backside grounding plate. Typically, the substrate
is lapped and polished to a thickness of 80—
100pm. Although various wet etching and dry etch—
ing via holes have been developed for InP'" ™, diffi-
culties still exist as InP substrate is more fragile
than GaAs one and the temperature of dry plasma
etching of InP must be higher than that of
GaAs'". Therefore choosing the suitable mounting
carrier and suitable mounting glue becomes very
important.

Some solid glues like wax have been utilized to
mount InP wafer'"". With a solid glue, it is difficult
to control the bake temperature and the bake time,
so the wafer is easily broken and air bridge struc-

tures on the front side are easily damaged. The dry
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etching of InP allows to obtain via holes with al-
most vertical profile'"”, but the etching tempera-—
ture is more than 130°C, the etching time is longer
than that of wet etching. The wet technique pro-
vides another way to achieve InP backside pro-
cess' Y. The key is the adhesion of etch mask to
InP substrate which determines the etched profile,
the dimension and the yield of via holes and the
tolerance of process.

This study supplied a practical method for
backside process of indium phosphide MMICs. The
glass carrier was chosen, it has an efficient of ther-
mal expansion similar to that of InP and it is trans—
parent, so the mounting quality can be easily con-
trolled. Liquid PMMA solution was used to mount
InP wafer. By controlling the temperature, time and
thickness of PMMA, it can avoid the break of InP
wafers, the damage of air bridege, and at same time
obtain even PMMA distribution and more uniform
result. PMM A is also easily removed with the sol-
vate after finishing the backside process.

A RIE etched Ta mask was developed. The Ta
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film was spattered at low temperature, resistant to
H:PO4 and HCI, and easily removed by dry plasma
etching. With a Ta mask, the etched profile in InP

is not sensitive to solutions and etching times it
is very important for thinned wafers with a differ-
ence of thickness (up to 10um) . By the way, Ta can
be also used as dry etch mask for chlorine based
processes.

This method is controllable with large lati-

tudes.

2 Etch Process

A 50mm InP wafer was mounted upside-down
with PMMA on a 75mm glass plate, the thickness
of PMMA was approximately 3—4um. A bake with
a temperature of 150C and a time of one hour per—
mitted to obtain a sufficient adhesion between
wafer and carrier. Then the wafer was chemo-me-
chanically or abrasively polished to 80—100um
without break. A chemical etching with HCI :
H3:PO4= 1 {10 was applied to eliminate the surface
damage, the etching depth was 5um. A Ta film
with a thickness 150—200nm was sputtered. After
lithography, the Ta film was etched at a pressure
of 3X10'Pa with a SFs plasma.

A HsPO4 I HCl= 1 I 2 or pure HCI solution
was used to etch via holes. The etching tempera-
ture was 30°C. Figure 1 shows the result under dif-
ferent masks. Figure 1 (a) is obtained with AZ4620
photoresist etched mask. The original mask size is
100pm X 100pm, and the depth of hole is 50um.
After etched, the top dimension of hole in Fig. 1(a)
is 280um X 190uym. This means a graver lateral
etching. Figure 1(b) is obtained with the Ta etched
mask, the origical mask size of hole is 190um X
100pm. Along (1 10) the lateral etching is only
20pm ( 10um each side) , and along ( 110) direction,
there is no lateral etching. After etched, the top di-
mension of hole becomes 190um X 120um, the depth
of hole is 84um.

With a Ta etched mask, under different etch-
different

ing temperature, solution or etching
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FIG. 1 Etch Results with Different Masks (a) Eich
with a AZ4620 Photoresist Mask: (b) Etch with a Ta
M ask

times, a stable dimension of via hole was obtained.
It demonstrated that with the Ta mask, the via
hole geometry with great tolerance to over-etching
is achivekle.

Figure 2 is the sections of Fig. 1(b). Along (1
TO) ,the etched sidewalls are almost vertical, and a—
long (110), the etched angles is approximately 100°
(Fig. 3 and Fig. 6) .

FIG.2 Section of Via Along ( ]_I(}}
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FIG.3 Etched Angle of Via Hole

In order to obtain via hole with a determined
depth H , we must design a mask size of via hole on
the basis of formula

L = 2H tano/2
where o is the etched angle(100°), L is the mask
width of hole along ( 110). Figure 4 shows the
etched depths as a function of mask sizes along
(110).
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FIG. 4 Etched Depths as Function of Origical
Mask Sizes

Figure 5 shows the etching depth as a function
of the etching time with a Ta mask. The original
mask size is 190pym X 100um. and the etching tem-
perature is 30°C with the solutions HsPO4 : HCl=
1 2 2 and pure HCI respectively. After finishing the
depth of 80um. the etching process almost stoped.
It further demonstrated that Ta etched mask made
the wafer be able to withstand longer time( twice

more than normal etching) with little lateral etch—

ing.

FIG.5 Etched Depths as Function of Etch Time

3 Metal Deposition

Figure 6 shows the etching profile of via hole.
The slopes along (110) direction are smooth, suit—
able for a deposition of metal films. After the etch-
ing of via holes, the Ta film was removed by dry
plasma etching. A 250nm NiCr/Au was sputtered.,
and 4um Au was plated. Figure 7 shows a part of
via holes across S0mm InP thinned to 95um. The

dimension of hole on backside and on frontside is

280pum X 80um and 70um X 70um respectively.

FIG.6 Etching Profile of Via Hole

FIG.7 Picture of Via Hole

4 Conclusion

A backside via hole process suitable for use on
monolithic microvave integrated circuit technolo-
gies has been developed for indium phosphide,

based on the isotropic etching resistance of InP to
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