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This work provides a method of mechanical alignment of an array of single mode ( ’ . , sr 

fibers to an array of optical devices. The technique uses a micromachined metal spring, 
which captures a vertical, pre-positioned fiber, moves it into accurate alignment, and holds 
it for attachment. The spring is fabricated from electroplated nickel, using photodefined 
polyimide as a plating mask. The nickel is plated about 80 pm thick, so that a large fiber 
depth is captured. In one application, the nickel springs can be aligned to optics on the 
back side of the substrate. This entire concept is referred to as CLASP (Capture and 
Locking Alignment Spring Positioner). These springs can be used for general alignment 
and capture of any fiber to any optical input or output device. Passive alignment of fiber 
arrays to +/- 2pm accuracy has been demonstrated, with a clear path to improved accuracy. 
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1 .O INTRODUCTION 

Alignment of single-mode optical fibers to photonic devices has proven to be the most 
expensive single item in the cost of packaged photonic devices. The difficulty is 
compounded if an array of fibers is intended for alignment, and is further compounded if - 
the desired packaged divice is to be hermetic. 
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Figure 1 Cross-Section of Fiber Coupling Package 

In a 
previous paper [ 11, 
a method was 
reported that 
coupled light in or 
out of waveguide 
devices through 
second-order 
gratings to binary 
optics on the bottom 
of the package lid. 
On the outside of 
the package lid was 
an array of fibers 
aligned to the binary 
optics. The binary 
optics were focused 
on the front surface 
of the fibers. The 
method of capturing 
and holding the 
array of fibers was 
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not specified. In this paper, we are proposing a micromachine as the method of capture. 
(Fig. 1) 

This work provides a method of passive mechanical alignment of an array of single 
mode fibers. The technique uses a micro-machined metal spring, which captures a vertical, 
pre-positioned fiber, moves it into accurate alignment, and holds it for attachment. The 
spring is fabricated from electroplated nickel, using photodefined polyimide as a plating 
mask. The nickel is plated about 80 pm thick, so that a large fiber depth is captured. (Fig. 
2) In this application, the nickel springs are aligned to binary optics on the back side of the 
substrate. This entire concept is referred to as CLASP (Capture and Locking Alignment 
Spring Positioner).[2] These springs can be used for general alignment and capture of any 
fiber to any optical input or output device. 

Optical Fiber 

It is important to point out that in this application, optical fibers do not penetrate 
through the package wall. Instead, fibers are accurately aligned to a window, which only 
need be transparent to the wavelengths selected, but can be conventionally sealed. 

Binary Optic Lens 

Figure 2 A micromachine designed to align and capture a single-mode optical fiber-CLASE 

2.DESIGN 

2.1. Design of the CLASP locking spring Positioner. 

There are several elements to the design of the CLASP locking spring Positioner: (1) the 
spring thickness and capture depth; (2) the spring force; (3) the spring deflection; (4) the 
design of the capture pocket; and (5 ) ,  the spacing of the CLASP positioners. 

(a) The spring thickness is important to the ability to f d y  guide the fiber into 
place and to maintain a positive lock on it when it is in final position. 80 pm has been 
chosen as the spring thickness because it allows for good definition of the pocket shape, 
while maintaining more than a 50% ratio of the fiber diameter to the fiber held by the 



spring. The fiber is set about 75 pm below the surface of the spring and is not seated 
against the bottom surface. If the fiber is fully seated against the substrate, too much 
friction is observed during sliding, with the possibility of damage to the cleaved fiber. This 
dimension (75pm) is defined as the capture depth. 

(b) The spring force has been set so that there is sufficient force to allow the fiber to 
slide smoothly toward capture and be locked in place with sufficient force that it does not 
move during a subsequent adhesive application. A second limit to spring force is to not 
cause fiber damage such as chipping or cracking when the fiber is clamped in place. 

In the first trial of this device, a spring force around 0.1N was assumed as nominal. 
A series of springs were designed around this nominal value. Even the weakest of these 
springs could occasionally cause chipping or cracking damage to single-mode fibers. A 
second iteration of springs were designed around a nominal value of 0.02 N. The spring 
force design data is shown in Fig. 3. The value assumed for Young's modulus of 
lectroplated nickel is 2.1 x10-l N/m2. 
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Figure 3 Spring Force vs Spring Length for a Tapered Leaf Spring 

(c) The spring elastic limits are of concern during spring tensioning. As the fiber 
proceeds to the capture pocket, the spring is gradually tensioned. It reaches maximum 
tension just before it enters the capture pocket. When it is in the pocket, tension is 
somewhat reduced. It is important that the spring not deform during the capture operation, 
because locking will not properly occur. Fig. 4 shows spring deflection as a function of 
length, assuming an 8Opm thickness. Our current design (10% stress) is well within the 
elastic limits of nickel. . 
how accurately e pocket registers to other pockets or to backside features. The original 
concept for CLASP used round pockets. The pocket size was designed to be 1 pm larger 
in diameter than the fiber size. This approach requires very accurate process control of the 
patterning and plating process. The round pocket concept has been tested, with several 

(d) The design of the capture pocket controls the way the fiber enters the pocket and 



different compensations for the patterning and plating processes. Three different 
compensations from the nominal fiber size of 125 pm have been tried These process 
compensations are needed to accommodate the change of the nickel feature size during 
patterning and plating. The three compensation sizes are +7, +14, and +21 pm. Other 
pocket designs include square or vee-shaped pockets. See Fig. 5 a, b, and c.. The vee- 
shaped pockets allow for greater process variation or fiber size. The assumption is that all 
adiacent Dockets will have the same Drocess variation . 
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Figure 4. Spring Deflection vs Spring Length for a Tapered Leaf Spring 



Figure 5 
(a) Round-pocket CLASP design; 
(b) Square-pocket CLASP design; 

(c) V-Docket CLASP desien 

2.2. Desim of the ure- 

(e) The spacing of the CLASP positioners 
is limited by the fiber diameters, not by the 
positioners. It is possible to imagine an 
arrangement of positioners that are as close as 50 
pm greater than the fiber diameters. In OUT current 
demonstration, we have chosen to array four 
single-mode 125 pm fibers in a linear 
arrangement. We have set the fiber cores 750 pm 
apart. See Fig. 6. 

Figure 6 
A linear four-pocket design at 750 pm 

spacing. - 
positioning block. 
The fibers are pre-positioned in a separate silicon block, which has been laser-drilled tc 
accept optical fiber. This block provides several functions: (1) a holder for coarse 
alignment pins used to roughly position the fibers in the CLASP funnel, so that the capture 
procedure can start; (2) a holder for setting the fibers to equal length; and (3) a means of 
attachment of the fiber block to the binary optic block after alignment. 

a. Rough positioning of fibers in a block requires drilling holes in a block of 
silicon. The holes should be smooth, free of debris, perpendicular to the block, at the 
correct step distance, and be 2 pm larger than the optical fibers. The first attempt at 
meeting these criteria used a doubled YAG laser. This laser melted its way through the 
silicon, producing holes which vary in diameter as the hole proceeds through the silicon. 



In order to insure a hole at least 127 pm in diameter at the exit, a starting hole of 165 pm 
was required. In addition, lack of perpendicularity caused the exit holes to be the incorrect 
step distance. 

These problems were corrected with the use of a excimer laser, which ablates the 
holes. This system has been able to maintain hole diameter at 127 pm and produce 
perpendicular holes. Coarse alignment pins, with a 1 rmn diameter, are inserted through 
laser drilled holes in the silicon block and are pushed against a stop to protrude 2 mm. 

b. The fibers are then inserted in the silicon block and are pushed against the same 
stop until they protrude 2 mm. The fibers are then backed away 5 pm from the stop. This 
procedure sets the alignment pins as positive stops and prevents the fibers from dragging 
on the CLASP spring surface, since they are recessed by 5 pm, which makes them equal 
length. 

c. When the fibers are eventually aligned and captured by CLASP, final attachment 
of the pre-positioning block and the CLASP springs must occur. Since the fibers aren't 
strong enough to bear any weight, the attaching surfaces are the coarse alignment pins and 
the U-shaped features that act as pin stops. The pins provide the support for this sandwich 
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e-pin stops. See Fig: 7 i 

2.3 Back side alignment 
If CLASP is to be used with other 
features, such as lenses, on the opposite 
side of the substrate from the CLASP 
springs, accurate alignment through the 
substrate is required. Infra-red techniques 
through the wafer are usually not accurate 
enough. A better technique is to use a 
double-sided aligner, placing alignment 
marks simultaneously on both sides of the 
wafer. Both patterns can be later aligned 
to these marks. 

3.0 FABRICATION OF CLASP 
The fabrication process has three 

basic steps: (1) patterning; (2) 
electroplating; and (3) freeing the moving 
parts from the substrate. This process is 
similar to that of Allen, et a1 [2]  

a. Undoued silicon wafers 250 mn 
thick are used as substrates. It is important that wafers bgundoped so that theri is 
maximum transmission at 1300 nm, the intended use wavelength. An electroplating seed 
and release layer of titanium and gold, is evaporated, with layer thicknesses of 50 nm, and 
100 nm respectively. The nickel plated areas not to be released are patterned with an 
additional CdAu layer that is not etched by HF. 



I " L  I Fompleted CLASP spring and a 
round-pocket. 

~~ ~~ 

buffered oxide etch (HF) A completed 

b. Photodefinable polyimide (DuPont 
,2721) is spun on using multiple coats, with 
105°C. bakes after each coat. Total polyimide 
thickness is 85 pm. The polyimide is exposed 
with an MJB3 (Suss) contact printer. After spray 
development and an oxygen plasma descum, the 
pattern is electroplated in Lectro-Nic plating 
solution from Ethone-Omi Corp. The polyimide is 
removed with n-methyl pyrolidone, followed by 
an oxygen plasma descum. More recent work 
using 65pm thick Az4903 positive photoresist 
will also be described. 

and the bottom spring release etch is performed in 
spring is shown in Fig. 8. 

c. The gold is removed by argon sputter; 

4.0 EXPERIMENTAL, TECHNIOUES FOR MEASUREMENT OF CLASP 
After the pre-positioning block and the CLASP block have been fabricated, the two 

blocks must be positioned and joined. The method used for alignment involves moving 
the block holding the pre-positioned fibers, (which have been adjusted to equal lengths), 
against the micromachined spring /binary lens (CLASP) block. This movement allows the 
flexible, individual fibers to lock into place in their respective micromachined springs. 
Since these springs have been previously aligned to binary optics residing on the back of 
the substrate, a total alignment of fiber to binary optics is now accomplished. 

designed to observe alignment and capture, as well as to measure the accuracy of fiber core 
placement of the four CLASPed fibers. See Fig. 9. An infra-red camera was positioned at 
the backside of the CLASP fiber block. A 1300 nm laser was used to illuminate the 
backside of the pre-positioning block. Since silicon is transparent to 1300 nm radiation, an 
image is formed which shows the nickel features in silhouette. If 1300 nm light is also sent 
through the single-mode fibers, then the cores of these fibers are brightly illuminated. 

In order to confirm that the fibers have been accurately positioned, a method was 

singlemode f&ers trkshitting light at 
1300nm,with the CLASP structure in 

silhouette. 

It is possible to make accurate 
measurements of the distance between 
illuminated optical fiber cores, using an 
optical microscope, an infra-red sensitive 
camera, and precision stepping motors. 

This technique involves measuring 
the distance between optical fiber cores at 
high magnification. (60x). See Fig. 10. 
The microscope cross-hair is positioned on 
the first of four fiber cores, that have been 
aligned by CLASP. This point serves as 
the zero reference. The stepping motors 
are then moved to align on the next core. 
The stepping motor accuracy is claimed to 
be 0. lpm. This measurement is repeated 
for all three of the cores. 



5.0 EXPERTMENTAL RESULTS 
Measurements have been made on 

different size compensations of the 
circular pockets, as well as on the square 
and vee-shaped pockets. The results are 
shown in Fig. 11. Based on somewhat 
limited data, it would appear that +21pm 
round pockets, square, and vee shaped 
pockets have alignment tolerances around 
2 pm on average. The variation in 
alignment is caused by non-vertical plated 

x_____. sidewalls. This non-vertical profile is 
Figure 10 traced to the polyimide masking material. I Thick photoresist masking material has 
been investigated which has much more vertical sidewalls. The accuracy of capture with 
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6.0 CONCLUSION 
A new concept 

for aligning and 
capturing single-mode 
fibers has been shown. 
This concept is called 
CLASP. Accurate 
alignment (- 2 pm) of 
four-fiber arrays has 
been demonstrated. 
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A graph showing the placement accuracy 
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