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Abstract

The aim of this work is to develop a novel silicon etching
method in the manufacturing of a silicon nozzle plate for a
monolithic inkjet print head. The nozzle plate was etched by
inductively coupled plasma (ICP) etching for orifice
definition and wet etching for bulk surface definition. Depth
of the wet etching process for thickness deviation of nozzle
plate is less than 4 pm and the surface roughness is less than
40 A. After the deep wet etching step with etching depth
around 370um and the ICP dry etching process, electrical
characteristics of the driver circuits still work normally. The
etching methods on silicon nozzle plate manufacture for
monolithic inkjet print head in this study provide a better
surface roughness of outlet surface of nozzle plate and keep
the good thickness uniformity of nozzle plate.

Introduction

In recently years, there is a trend for MEMS (Micro-
Electrical-Mechanical System) device to combine with the
CMOS digital circuit, so that the device has high operation
frequency and intelligent control, such as thermal bubble
inkjet print head,' micro mirror™* and other MEMS devices.
In the MEMS application, anisotropic etching of bulk silicon
is an important process for manufacturing microstructure.
Therefore, anisotropic silicon wet etching with CMOS
devices is an important technology.

In the high resolution and high operation frequency
monolithic inkjet print head, the silicon etching process is
following the MOSFETs device processes. In this study, we
would like to present a novel silicon etching method, which
integrates the dry etching method to form nozzles and the
chemical wet etching method to define the thickness of the
nozzle plate.

In this study, the influence on the characteristics of
MOSFET device, the surface roughness on the etched
surface and variation of thickness of nozzle plate (variation
of the etching stop point) was discussed.

For anisotropic wet etching process, the most frequently
used etchant is potassium hydroxide solution (KOH)
(reference) and tetramethyl ammonium hydroxide (TMAH)
solution. Especially for the TMAH solution, it has gained

889

more and more attention because of its lower toxicity and the
absence of metal ions. Recently, there is a need of flatness
control after deep etching process such as pressure sensor
and micro flow channel device. Although there have been
many research about how to improve the etched surface
quality,”” we provide an etching mechanism whose surface
quality is almost as better as a polished wafer.

For ICP etching, it is the large variation of the thickness
on a wafer after deep etching that it is not an appropriate tool
to control the thickness of the nozzle plate. For this reason,
the ICP etching method is replaced with the wet etching
method and only can it be used to drill through the wafer. In
this study, we will compare the etching results of the
thickness variation and the surface roughness between the
ICP method and the wet etching method.

Experimental

(1) The wet Etching Process

The etching experiments were carried out on p-type
(0.4~0.7 Qcm) silicon wafer (100) with 400um thickness.
And it is double sides polished for depositing thin films on
one polished side and deep wet etching on another one. The
etching solution is composed of TMAH with 25% and IPA
etc. For manufacturing the inkjet print head with driver
circuits, we need a silicon membrane with 30um thickness
and good surface quality of the etched surface. So we set up
an etching equipment (in figure 1) including a Teflon wafer
holder, adjustable ultrasonic power, constant temperature
water bath, and a motor to rotate the wafer holder. For good
surface quality, the ultrasonic power is adjusted to a suitable
power, and the temperature is controlled at 80°C. The
masking layer is used a SiNx film with 7000A, which is
deposited on the back polished side by PECVD, and opened
a series of 3.5mm x 4.5mm windows by lithography and
RIE etching processes. After the wafer is handled well with
the etching instruments, the uncovered windows will be
etched by the TMAH etchant and the process will not be
ended until the rest of the thickness is about 30um. The
results of the characteristics of the MOSFET device, the
surface roughness, the etching variation of the thickness, and
the reason to replace the ICP deep etching with the wet
etching method will be discussed later.
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Figure 1. The equipment of chemical wet etching.

(2) The ICP Etching Process

After the thickness definition of the silicon plate, the
next step is drill through the silicon wafer to define nozzle
by using the ICP dry etching process. For a convergent
nozzle shape, the etching process must etching from the top
of the wafer. It is the suspended structure that results in the
poor heat dissipation and the lower etching rate. Therefore,
the thicker photoresist layer will be used to ensure the
enough thickness from etching the other areas.

Results

(1) The Characteristics of the MOSFETs

In this study, the MOSFET devices and other thin film
structures on the top surface of wafer, these devices and thin
film structures should be protected in the etching solution at
least fifteen hours under the process of etching rate is 24um
per hour.

The compare with characteristics of etching and without
etching process of MOSFET device was shown in figure 2
and 3. In the figure 2, the characteristics curve of Id versus
Vds is not have any difference between curve of etching and
without etching. Furthermore, in the fig. 3, the threshold
voltage of MOSFET is not variation after the etching
process. And both of the turn on current and the off current
(leakage current) are also not had any shift after the etching
process. Following the results of figure 2 and 3, the etching
process had not influence on MOSFET device.

(2) The Surface Roughness of the Etched Plate

In this study, we study on the different surface quality
by using different of etching solutions, and compare with the
chemical wet etching and ICP dry etching.

At first, the etched plate was etching by the ICP dry
etching. As shown in figure 4(a). The etching surface of
etched plate is very rough. Due to the poor surface roughness
in nozzle plate surface, puddling effect will occur and affect
on print quality.
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Figure 2. Vds versus lds curve of MOSFET with etching and
without etching.
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Figure 3. Turn on current and off current of MOSFET with
etching and without etching.

Second, we used chemical wet etching to etch the plate
surface of silicon nozzle plate and etching time is 7 hours. In
this study, we changing the agitated etching method and
adjusting the ingredients of the etchant to improve the
surface topography gradually. Method 1 is the magnetic
stirring method to perturb the KOH etchant (as shown in
figure 4 (b)). Method 2 is used the ultrasonic method to
agitate the KOH etchant (shown in figure 4 (c)) and method
3 is used the ultrasonic method to agitate the IPA+KOH
etchant (as shown in figure 4 (d)). In the table 1, we
measurement the roughness of the different etching method
of etched plates by the o-stepper. The ultrasonic to agitate
the IPA+KOH etchant method have best surface
performance (surface roughness ~ 400 A).
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Figure 4. Photography of etched surface with various etching
methods. (a) ICP dry etching (b) magnetic stirring + KOH wet
etching (c) ultrasonic + KOH wet etching (d) ultrasonic + IPA +
KOH wet etching

Table 1. Surface Roughness of Etched Surface with
Various Etching Methods. (Unit: A)

1 2 3 4 5 | Average
ICP etching 6160 | 6819 | 6173 | 6524 | 6734 | 6482
Magnetic stirrer | 1095 | 1113 | 1138 | 1036 | 1269 | 1130
Ultrasonic 661 | 607 | 740 | 694 | 762 692
Ultrasonic + IPA | 430 | 384 | 411 | 350 | 458 406

Figure 5. Pyramid-free etched surface.

On the basis of the experience in KOH solution, the
etching solution is in place of TMAH solution. After a
period of time for tuning the operation parameters and the
ingredients of the etchant, the smooth and pyramid-free
surface was achieved (in figure 5). And the roughness of Ra
was obtained by using a surface profiler similar to the o-
stepper. For examining the uniformity of the roughness, we
measure 17 chips on wafer from one side to the other one.
The value of roughness is from 34 to 45 A and the results
were shown in figure 6. If we use the AFM instrument to
measure the roughness in a square area (5x5um’), the value
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of Ra is only about 5 A because of the small scan area. If the
scan area is 60 x 60 um’, the value of Ra is about 30 A. (as
shown in figure 7).
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Figure 6. The roughness arrangement
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Figure 7. Surface roughness measurement by AFM. (scan area:
60x60 Ln’)

(3) The Variation of the Thickness Control

The next important issue is the thickness deviation after
the deep etching (370 um). In this study, it is compared with
the dry etching and the wet etching methods. At first, the dry
etching method was preferred to reduce the thickness of the
nozzle plate to verify the work function of the back-shooter
print head because of its convenience. However, in spite of
the careful control of etching rate, the thickness of the nozzle
plates were widely distributed from 50 pm to 25 wm, which
target was 30 um. In the chemical wet etching, the etching
uniformity is better than ICP dry etching. The difference
between the two etching methods was shown in figure 8.
From the results of the wet etching method, the variation of
the thickness is within 3.85 pm. It is easily to meet the
specification of the metal nozzle plate and provide the
uniform length of nozzle.
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Figure 8. Compare with thickness of nozzle plate by ICP and wet
etching method.

Conclusion

In this study, we provide a novel etching method to
manufacturing the silicon nozzle plate of monolithic inkjet
print head. This etching method provides a polish like etched
surface and accurate etching stop point. Especially in the
characteristics of MOSFET device, it is not have any
influence by this etching method.

Although in the fabrication of nozzle plate, the cost of
this method is higher than convention method of
electroforming. This method could be providing a bench
process of nozzle plate fabrication and mounting. Therefore,
this method providing a new choice for monolithic inkjet
head manufacturing.
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