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Fabrication of High-Density Electrical Feed-Throughs
by Deep-Reactive-lon Etching of Pyrex Glass

Xinghua Li, Takashi Abe, Yongxun Liu, and Masayoshi Esashi

Abstract—This paper describes the fabrication technology for High density electrical feedthrough

high-density electrical feed-throughs in Pyrex glass wafers. Small
through holes (40-80um in diameter) in Pyrex glass wafers have  Low
been fabricated using deep-reactive-ion etching (DRIE) in a sulfur  resistance ~J
hexafluoride (SFs) plasma. The maximum aspect ratios obtained | sulator
were between 5 and 7 for a hole pattern and 10 for a trench pat-
tern. Through the wafer etching of a hole pattern of 50um diam- )
eter was carried out using 150um-thick Pyrex glass wafers. The ~ capacitance)
electrical feed-throughs in the wafers were fabricated by filling )
the through-holes with electroplated nickel. We were able to suc- Anodic bonterconnectlons
cessfully bond the glass wafer to silicon by anodic bonding after with silicon High density functional
removing the electroplated nickel on the surface of the wafer by
chemical-mechanical polishing (CMP). The electric resistance of
the feed-through was estimated by a 4 point wire sensing method _. . ) . .
to be about 40 N2 per hole. The heat cycles test shows that the er?ayl Schematic illustration of an electrical feed-through from microprobe
resistance changes were within 3% after 100 cycles. The fabrica- '
tion of high density electrical feed-throughs is one of the key pro- . . .
cesses in the field of MEMS. Probable applications of this tech- Al20s). In our laboratory, etching was carried out using a mag-
nology are in electrical feed-throughs between logic elements and netically enhanced inductively coupled plasma RIE system [8].
microprobe arrays for high-density data storage and for packaged According to our previous study, physical etching conditions
devices. [877]  such as a high self-bias voltage390 V) and a low pressure (0.2
Index Terms—Chemical-mechanical polishing (CMP), deep-re- Pa) are required to etch glass. For glass etching, the removal of
active-ion etching (DRIE), high-density electrical feed-throughs, nonvolatile products on the surface is important to obtain high
Pyrex glass. etch rates and high aspect ratio structures. A vertical etch profile
was achieved when the mask opening was small (2@+3@or
|. INTRODUCTION the trench pattern) because the deposition of nonvolatile prod-
ucts on the side-wall was reduced. Small holes having high as-
ect ratios and batch fabrication were realized using DRIE tech-

10logy.
‘In this paper, we applied the DRIE of Pyrex glass to the

(Small stray

probe array

YREX glass is widely used in the field of MEMS becaus
it can be bonded to silicon by anodic bonding. The micr
fabrication of Pyrex glass is one of the key processes in MEM

E.ovr\]/ever, ii s tQifﬁiglt tto a(t:hieve fitr;]e<(50| pm tinh_size) at?]d dfabrication of high density electrical feed-throughs. A fabrica-
igh aspect ratio’¢ 10) structures with regular etching metho Yion technology for high density electrical feed-throughs for in-

such as wet chemical etching [1], electrochemical dischar rated sensors is extremely desirable [9]. As the number of

drilling [2], ultrasonic drilling [3], or powder blasting [4]. Only electrical connections increases, the interconnection between

by Iaser_drill_ing [5] can fine _electrical feed-thr_oughs less tha]Bgic elements and individual sensors becomes complex owing
100 pmn diameter be fe"?‘"z‘?d- However, .th's technology ﬁ)geometrical limitations. For example, consider the fabrication
not suitable for batch fabrication because it takes too long 810000 electrode pads/@nfor a microprobe array. Neither
plroceshs. Rbecenttljy, dtlaep-[jegctlve-:og etc;hlng 6(DR7IE)T?: I:>3/rﬁ?\$o-dimensional wiring nor regular etching techniques are ap-
glass has been developed in our laboratory [6], [7]. There ficable to the fabrication. The fabrication of high density elec-

many problems in the RIE of matenials like glass, which co rical feed-throughs in Pyrex glass is one solution to overcome

talns.atoms suchaslead, sod|.um and aluminum. The etched 2Eh limitations. Our technology based on DRIE also reduces
facg IS protgcted by nonvolatile halogen com.pounds prodgc[% complexity of the process. Fig. 1 represents the proposed
during etching (NaF, Alf, etc). Thus the etching characteris, lectrical feed-through structure from a microprobe array to a

:!csldepenlclj on the Ct(_)m%OBS't'?; of ?Larl]ss. Pyrex glassthas arg %’ic element. As indicated in the figure, there is good process
vely small mass ratio (6.3 wi%) of these components;(Dla compatibility between the technology and the probe-based tech-
nology using silicon micromachining, because it is easy to bond
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Fig. 2. Process steps for fabricating Pyrex glass for high-density electrical feed-throughs.

current and small stray capacitance due to the use of glasshees Pyrex glass wafer by sputtering from the backside. The
the insulator. These features are indispensable for a high f@&-functions as a photo mask, and it also plays an important
guency-electronic system. role in the adhesion of metal in the through holes (d). Positive
photoresist was used to stick the Pyrex glass wafer to a Au—Cr
seed layer deposited on a glass plate (e). It should be noted
that the glass plate was covered by positive resist prior to the
The Pyrex glass wafers used for the fabrication of high-dedeposition of seed layer. By exposing the plate, the photoresist
sity electrical feed-throughs were 15 in thickness. These at the bottom of the holes was removed by developing (). Then
glass wafers (Asahi Techno Glass Corporation) used in thige holes were filled with nickel by periodic reverse plating [5]
experiment had the composition, in terms of mass ratio, €g). In this process, a nickel sulfamate bath was used. The pH
SiO;:B205: Al;03: Nap,O = 81.0:12.7:2.3:4.0. The glassand the temperature of the electrolyte bath were controlled to
wafers were obtained by wet chemical etching in an aquedos about 4 and 58C, respectively. An aspirator was used to
solution of HF (16 vol.%) and ethanol (0.5 vol.%). The additioremove air bubbles inside the through holes. Finally, the glass
of a surfactant (ethanol) to remove bubbles and particles frgfate was removed by dissolving the photoresist in acetone
the surface resulted in a smooth etched surface. and the glass wafer was polished by chemical-mechanical
The process flow for the fabrication of Pyrex glass wafesolishing (CMP) to obtain a flat surface for photolithography
with electrical feed-throughs is shown in Fig. 2. A thickh). The polishing presented in this work was carried out
nickel-film (15 pm) was selectively electroplated on the exusing a commercially available polishing and lapping system
posed part of Au/Cr seed layer using thick photoresist (PMERVIA-200, Musashino Electronic. Co., Ltd.). The glass wafer
Tokyo Ohka Kogyo Co., Ltd.) as a mold (a). The DRIE wawas placed in a holder with the wafer surface in contact with a
carried out at a pressure of 0.2 Pa, with a self-bias voltagepaflishing pad-covered table. The rotation speed was controlled
—390 V and a stage temperature of 293 K using a DRIE systémbe 60 r.p.m. The pressure applied at the interface between the
developed in our laboratory (b). The details of this procesgafer and polishing pad was about 0.16 kgfc@ommercially
have been described in previous papers [6], [7]. After the nickaVailable polishing slurry (Micropolish II, Buehler) was used
mask and the Au—Cr were removed (c), Cr was deposited fum the CMP process. The particle size was @03 in diameter.

Il. EXPERIMENTAL
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Fig. 3. The tapered angles as a function of mask opening width for trench I B
pattern and for hole pattern. The SEM photographs obtained after 3 h-etching € 250F trench (36 um)
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~— 200F
£ q
= :
L. . . " o L trench (54 um
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All chemicals used in this study were used without further 06 : S 6 B 10

purification. The water used was filtered through a Millipore Etching ti
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filter system and had a resistance greater than Q®i.

Fig. 4. The etched depth as a function of etching time for (A) hole pattern and

IIl. RESULTS AND DISCUSSION for (B) trench pattern.

A. Etching Characteristics of Pyrex Glass 200 A Silca :

The characteristics of the DRIE of Pyrex glass were studied = : Trench & L
prior to fabrication of the electrical feed-throughs. The de- 3150
pendence of the etching characteristics on pressure, self-bias =
voltage and temperature in a Sblasma have already been §1ool
reported in previous papers [6], [7]. In this study, the DRIE S 1
was carried out under a pressure of 0.2 Pa, a self-bias voltage % [
of —390 V and a stage temperature of 293 K. Fig. 3 shows the o S0
etch profile as a function of the width of the mask opening. The I
data shown in the figure were obtained for 3, 5 and 10 h of RIE, ot
respectively. The mask patterns had features for trenches and 0
holes. The figure reveals that the slope of the trenches is more 200
tapered compared with that of the holes. The side-wall of hole [ B Pyrexglass ..o pgje
pattern is twice as large as that of the trench pattern. This result g - - Mg
supports our previous study in which the taper of the etched = 150; trench
profile depends on the ratio of the area of the side-wall to the £ r
volume of the etched glass [6], [7]. Therefore, the amount of § 100:-
nonvolatile products deposited on the side-wall is small inthe g |
case of the hole pattern. S _F

Fig. 4 shows the etched depth for holes and trenches as a func- v 50;
tion of etching time. Interestingly, the etching of hole patterns r

PRI T T T R S 1

shows a high etch rate compared with that of trench patterns. 0
However, the etch depth of small hole-patterns became constant

(the highest aspect ratio is about 5—7). On the other hands, the

effect is small in the case of trench patterns (the highest aspggts. The etched depth as a function of mask opening width for trench pattern

ratio is about 10). This is due to the deposition of sputtered proahd for hole pattern at 7 h-etching (A: Silica glass, B: Pyrex glass).

ucts from the side-wall. These holes are refilled due to the depo-

sition. The etching is disturbed by nonvolatile products, whidk suitable for etching through the glass wafer (1B0in thick-

are trapped inside the small hole. These effects are small in tress). To show the difference clearly, the etched depth after 7
case of trench patterns because of the geometry. The decreasmaufs etching as a function of the width of the mask opening is

the etched depth for 10m trenches at 10 h is due to the maskhown in Fig. 5. As the reference, the etched depth obtained for
erosion. This plot also indicates that a 40+80 diameter hole fused silica glass was also shown in this figure. Interestingly,

| I PR
20 40 60 80 100
Mask opening width, w (. m)

o
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there is no clear dependence on the geometry of mask patte
in case of the silica glass etching. It can be concluded that th
nonvolatile products such as NaF and Al€ause the unique
etching characteristics of Pyrex glass depending on the mas
opening width and on the pattern features.

B. Fabrication of Pyrex Glass for High Density Electrical
Feed-Throughs

Through the wafer etching was carried out with hole patterns
of 50 um in diameter. The thickness of the Pyrex glass usec
in this work was 15Q:m. The etching time for the wafers was
10 hours. The through-holes before electroplating are shown i
Fig. 6(A). We used a pulse reverse plating methods to fill the
through-holes with electroplated nickel. The periodic reverse
plating method was effective in filling the through-holes with
metal especially for the high aspect ratio structures [5]. The fab-

rication process has already been shown in Fig. 2. The thickne:§ 4 Electroplated Nickel
of the nickel within the through-holes was rendered uniform by
pulse reverse plating. However, the reproducibility was poor ir /

the case of through-holes with a high aspect ratio. Sometime S ; £
no electroplating in the holes occurred. This was due to the 3T % %9 % = 2 3 9
formation of air bubbles within the through-holes. In the ref-
erenced paper [5], methanol was used to remove air bubble
This process cannot be applied to our process because we us
photoresist as an adhesive between the seed layer and the gl
plate as shown in Fig. 2. The methanol would make the pho
toresist swell and would result in the formation of a mask on
the seed layer. In this study, we used an aspirator to remove ¢
bubbles. After aspiration for a few tens of minutes, the glas:
was immersed in an ultrasonic bath for a few seconds. Bubble
were completely removed by this treatment. Fig. 6(B) shows
the glass after the electroplating. We succeeded in filling the_
through-holes with metal with an aspect ratio of up to 6.

For the next step in the process, we needed to remove nick
that had over-plated on to the top surface of the wafer to obtai
a flat surface for photolithography. CMP was applied to selec
tively remove the overplated nickel. The glass after the CMF|
process is shown in Fig. 6(C). The estimated polishing rate
were 2.0um/hour and 8.6.m/hour for Pyrex glass and elec-
troplated nickel, respectively. The load applied to the interfact
between the pad and sample was 0.16 kg/ddere the slurry
used for the CMP process was an aqueous solution of alumir
(0.3 um in diameter) and oxygenated watery(®s 5 vol.%).
The oxygenated water plays an important roll in passivating th
nickel surface and the passivation film can easily be remove
by the mechanical action of the alumina particles. We can oh|
tain scratch-free surfaces after polishing using a particle size ¢
0.3 um. With the polishing conditions used, the nickel was polfig. 6. The top views of the Pyrex glass at various process steps. (A)
ished more than the Pyrex glass. If the load is 0.04 kd/antd  Through-holes fabricated by DRIE. (B) Through-holes filled with electroplated
no H,O, is added, both the Pyrex glass and the nickel have thigkel. (C) Through-holes after chemical mechanical polishing.
same polishing rate (0,8m/h). To obtain a flat surface and to
remove the passivating film, we polished using these conditiofigure. The anodic bonding was carried out by applying electric
as a final polish. Details on CMP technology and on the pdield between the metallized through-holes using multipoint
ishing mechanism have already been published in the field elEctrode.
semiconductor applications [10]. The electrical resistance was measured using a four-point

Fig. 7 shows a cross sectional view of the fabricated Pyrewre sensing method. The value of the measured electric re-
glass for a high density electrical feed-through. Here the glasistance was about 40¢inper hole. The changes in the resis-
was bonded to silicon by anodic bonding as shown in thance were within 2% after a year later. Reliability testing of the
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metal, fine pitch electrical feed-throughs in a Pyrex glass wafer
were realized.

Our final goal is to combine the technology with a probe-
based technology. In order to meet the demands of researchers
engaged in probe-based technologies such as data-storage sys-
tems, microswitches, and the other applications, a process for
batch-fabrication of high density electrical feed-throughs needs
to be established. Most of the microcantilevers were fabricated
by silicon micromachining. Pyrex glass can be easily bonded to
silicon using anodic bonding. Therefore, a high density of elec-
trical feed-throughs fabricated by the DRIE of Pyrex glass is an

Fig. 7. A cross-sectional view of the fabricated Pyrex glass for high-densi

%/ttractive method for these applications. Our technology is one

electrical feed-throughs. The glass was bonded with silicon by anodic bondfd§the solutions that will enable us to achieve a high density of

(The temperature is 400C and the applied voltage is 1000 V).

20
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Fig. 8. The heat cycles test from55°C to 125°C. (6]

7
glass wafers with electrical feed-throughs was also executed, be[— ]

cause the device consists of different materials. The mismatclig]
in the coefficient of thermal expansion results in the cracking
at the interface of through-holes. Heat cycles test frob% °C 9]
to 125°C was employed for testing the reliability. The proce-
dure is as follows; The fabricated glass wafers with electrical'®
feed-throughs were placed in a temperature controlled bath at
—55°C for 30 min, then transferred into the other bath con-
trolled at 125°C with 5-min transition. The sample was placed [*1]
at the temperature for 30 min, then again transferred into the
former bath with five minute transition. The electrical resistance
through the test was monitored periodically during the cycle.[12]
The result after 100-cycles test was shown in Fig. 8. The resis-
tance changes were within 3%. For the electrical feed-throughs
filled with nickel, the resistance changes are very small.

The performance of the electrical feed-through combined
with a microprobe array is now under investigation in our
laboratory [11], [12].

IV. CONCLUSION

Pyrex glass for high density electrical feed-throughs we
fabricated based on our DRIE techniques. Small through ho
(40-80um in diameter) in a Pyrex glass wafer have been fal

o

/a; =

electrical feed-throughs.
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