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Fiber-Array Pigtailing and Packaging of an
InP-Based Optical Cross-Connect Chip

Johan H. C. van Zantvoort, Frans M. Huijskens, Chretien G. P. Herben, and Huig de Waardt

Abstract—A method of coupling six single-mode fiber tapers
with 250-pm spacing to an InP-based integrated optical cross-
connect chip has been developed and realized. The complete
pigtailed chip assembly is packaged while chip temperature can
be controlled. The device is successful tested at an ambient
temperature range of 5°C to 45°C.

Index Terms—Coupling efficiency, fiber-array, integrated op-
tics, PHASAR, tapered fibers, thermoelectric device, wavelength-
division multiplexing (WDM).

. INTRODUCTION

HE DIMENSIONS of a planar waveguide structure de-
termine the degree of difficulty of pigtailing a single-
mode fiber (SMF) to such a planar waveguide structure. If |
the dimensions of the waveguide match the mode field of
an optical fiber, standard butt coupling can be used. The
optical cross-connect chip [1] is processed on InP. Advantages
of this material are the high refractive index, so compact . ) ) .
. Fig. 1. Package and fiber-array to optical cross-connect chip coupling con-
components can be made, and active components canghi&ion.
integrated. Disadvantage is a high coupling loss between the
smaller monomode waveguide and a single-mode optical fiber. 2a, b, and c. Pins 2a and b tilt and roll the flexible part in
To reduce those losses, selected tapered lensed fibers are usedhe verticaly-direction, pin 2c moves it in the horizontal
to fabricate a perfect fiber-array to couple infrared light in  z-direction.
the optical cross-connect chip by two input fibers and out by« A silicon V-groove with mounted selected tapered fibers
two output fibers. All components of the package are fixed in an array placed on the flexible part (3). We used
with adhesive. The chip, which can cross connect signals at lensed tapered fibers to convert the circular mode field of
four wavelengths independently from the input fibers to the the SMF to the small elliptical mode field of the planar
output fibers, has been realized by integrating polarization waveguides (actual waveguide dimensions guendn the

dispersion compensated 6 16 PHASAR with four elec- x-direction and 0.6:m in the y-direction) of the optical
trooptical Mach—Zehnder interferometer (MZI) switches. The  cross-connect chip.
dimensions of the chip are ¥ 9 mn¥. ¢ An invar carrier (4) for the optical cross-connect chip (5)

that can be shifted toward the fiber-array until the optimal
distance between fiber-tips and optical waveguides is
) ) ) ) ) ) reached. The chip is mounted on an aluminum nitride
T_he coupling construction, as depicted in Fig. 1, consists (AIN) substrate (6) that has a 2n gold layer where
basically of three elements: electrical paths and bondpads are etched. The function
* An invar base plate with a flexible part formed by a  of this submount is to connect the four integrated MZI
singular elastic hinge (1). The position of the flexible part  switches of the cross-connect with isolated electrical

can be controlled by means of piezo translators which are  feedthroughs (7). The AIN-substrate also conducts heat
connected to it by the three removable displacement pins  from or to the chip very well.

Manuscript received December 28, 1998; revised April 16, 1999. This work A'fter pptlmal alignment of t.he flber-array. in front of the
was supported in part by the ACTS AC-065 Project BLISS and ACTS Addesired in- and output waveguides of the optical cross-connect
332 Project APEX. ) _chip, the flexible part is fixed to the base plate with adhesive.

J. H. C. van Zantvoort, F. M. Huijskens and H. de Waardt are with th.leh h disol . 2a. b d d d
Technical University of Eindhoven, Faculty of Electrical Engineering, Electro® e three displacement pins 2a, b, and ¢ are removed an
optical Communication EH-12, 5600 MB Eindhoven, The Netherlands.  the system is mounted on a flat aluminum-oxide >(@{)

C. G. P. Herben is with the Delft University of Technology, Faculty Ofsupport profile (8) in an aluminum package (9) with two

Il. DESIGN

Information Technology and Systems, Photonic Integrated Circuits Grou . . o
NL-2600 GA, Delft, Tﬁ)e/ Nether?/ands. 9 §’Creyvs (10). TheT alumlngr_n—omde support prof|!e is placed to
Publisher Item Identifier S 1077-260X(99)07921-6. provide mechanical stability. The thermoelectric cooler (11)

1077-260X/99$10.00] 1999 IEEE



1256 IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 5, NO. 5, SEPTEMBER/OCTOBER 1999

E 0 o eccentricity taper 5 std x, y position taper 5
g 8 R oA S i S g -2 T2 025
Al T T -4 £ 2 T o2
Sel S 5 g & ~
2 g ® ELS s 018 std x pos.
o e A 1 St <t £ o1 fo . g -
3 o E ~ iy
S §'1° Zos 2 oos \f:x/\\qh..qék.’-l/{' stdy pos.
302 4 0 12 3 5 10 15 20 25 30 Sl 0 kel i
-= Displacement Xdirection [micrometer] Displacement Z [micrometer] 0 05 1 15 2 25 0 45 90 135 180 225 270 315 360
-« Displacement Ydirection [micrometer] x position [micrometer] angle position [deg}
Fig. 2. Normalized fiber to chip coupling efficiencies for various displace- (@ (b)
ments. Fig. 4. Measured results of taper eccentricity. (a) Relative IR spot position
. in the zy plane as a function of the mecahnical rotation of the fibertip. (b)
Laser cCD f L The| popul_a_tlon sftarr]ldegg de_watlon of eight observations for each mechanical
source cameral M2 1 angle position of the fibertip.
S B b \% t NIR camera
Optical path |L3 ’ 1 eccentricity tapers 1 - 18
visible light | 1-10 batch 1, 11-18 batch 2
e A T |
) e I . N, | 22
L2 Optical path P.C. - 'y
. i — 18
Rlight, — £l i
e = T4 -
= £ [mm [ = z ,
{ 2 = 1 % N * o
c 08
Taper T § o8
0.4 -
Fig. 3. Lens eccentricity measurement setup. ® 0
o 3
is placed under the carrier part to tune the PHASAR of the L e

optical cross-connect to the target wavelengths of 1551.1 nm, B _

1554.2, 1557.4, and 1560.6 nm. A 10-kmpedance NTC Fd-5- Measured eccentricity of tapered fibers.

thermistor (12) is mounted near the chip in the invar carrier

part and measures the local chip temperature. To avoid wateéme grabber. Mirrors M1 and M2 are used to get a long
condensation at low temperature of the chip, the packageinsgage distance for a high magnification of the infrared spot

hermetically closed and filled with dry nitrogen. from the tapered fiber tip. The lens system L2 and L3 images
the magnified fiber tip on a CCD camera. This image is stored
lll. A SSEMBLY OF DEVICE in a file and will be compared with the actual image after
the fiber tip is rotated 45and pushed down in the V-groove.
A. Assembly of Fiber-Array Both images (the stored one in a file and the actual one) are

The SMF tapers we used have a 0.9-mm buffer, which hggbtracted from each other to check the mechanical position
been removed over a length of 25 mm from the fiber tip. THY the fiber tip with his previous position. If the mechanical
taper angle lies between 5@nd 55 and the lens radius of the POsition of the fiber tip is the same, a possible change of the
taper is 14+ 2 um. The tapers are AR coated for 1550 nm. ThiR spot on the NIR camera caused by the lens eccentrlcn_y_ of
lens eccentricity, however, is smaller thanuéh. This means the fiber tip can be measured. The absolute IR spot position
that if the fiber tip is not exactly matching the optical axis of" the NIR camera and the orientation of fiber tiy,(@5,
the fiber core, then the focussed light spot is deflected frofff» 135, 180°, 225, 27(°, 315, and 360) are measured
the optical axis. We have measured the increase of couplr’f\'@d registered. Every mechanical position of the fiber tip is
efficiency as a function of the displacement of the fiber tifiéasurement random eight times.
in the =, v, and z direction. In Fig. 2, the relative coupling N Fig. 4 is given an example of a measurement of one
losses due to misalignment of a single tapered fiber in front @Per. In Fig. 4(a) the relative IR spot position in they
an InP-waveguide are shown. The vertical direction, which fane as a function of the mechanical rotation (in steps of
indicated withy-direction, is most sensitive to displacement45°) is shown. In Fig. 4(b) the population standard deviation
Before we assemble the fiber-array, we must first know whidhtd) of eight observations for each mechanical angle position
fibers have almost the same eccentricity and in which directiéh the = direction (stdz pos.) andy direction (stdy pos.)
the focussed spotlight is deflected. The fibers must be rotatéddiven. So the relative IR spot position in the first figure
in such a way that the position of the focussed spot formé@s an accuracy better than Quin. The eccentricity of the
by each fiber tip lies in the same horizontal plane for all sitapered fiber is equal to the radius of the imaginary circle of
fibers. A schematical set-up for the measurement of the lethe relative IR spot position movement as a function of the
eccentricity is given in Fig. 3. The fiber taper is rotated 360mechanical rotation of the tapered fiber tip. The eccentricity
in steps of 45 in a silicon V-groove and carefully pushed inof the mentioned taper in Fig. 4 is 0.2 0.1 pzm. This
the V-groove by a clamp. The fiber is launched with laser lighheasurement has been done for 18 tapered fibers. The tapers
and the infrared spot formed by the lensed taper is imaged &g labeled and the direction of eccentricity is marked. Typical
an objective L1 and mirrors M1 and M2 on an infrared cameraeasured values are shown in Fig. 5. The average measured
(NIR camera), which is connected to a personal computer wigkacentricity is 1um.



VAN ZANTVOORT et al. FIBER-ARRAY PIGTAILING AND PACKAGING 1257

The commercially available silicon V-groove substrate used
to assemble the fiber array has a pitch of 260.5 xm. The
V-groove substrate is aligned perpendicularly to the front of
the flexible part of the base plate. The upper surface of the
base plate is partly roughened with small milled grooves. Low
viscosity adhesive is used to fixate the V-groove profiting the
capillary effect. The base plate is placed in a mechanical setup.
The selected fibers are put in the V-grooves one by one and
simultaneously pushed down when the deflection of the IR
spot caused by the lens eccentricity of the tapered fibers are
in the same verticaj-direction. The fibers are adjusted in the
z-direction by carefully pushing back all the fiber tips together
by means of a flat glass plate, mounted on a piezo translator.
The fibers are enclosed in the grooves with a cover glass and
adhesive is added. Deviation of the focus points due to slightly
different fiber tip curvature radii does not effect the coupling
efficiency in thez-direction seriously, as this direction is rather
insensitive. The 0.9-mm buffers are glued to the rear part of the
base plate to provide extra strain relief. The IR spot positions
formed by the lensed fibers of the fiber-array when they afi§- 6. Fiber-array optical cross-connect chip section.

launched with laser light, can be measured by an imagingnesive. The next step is to attach five electrical wires (four

_system. This can|sts of a taper W'th, low eccentricity, Wh'%r the optical switches and one for the ground connection)
is connected with a power meter and is mounted e and 1, yhe pond-pads on the ALN-substrate using electrically

# piezo stage. If the maximum power is measuredathg and oo ctive, silver-filled epoxy paste. Curing is possible at
z coordinates correspond with the absolute spot position of t m temperature. Finally, the three displacement pins are

concerned taper. A measured eccentricity IR spot distributip&noved_ The complete assembly is then ready to be mounted
of less than 0.5:m is observed. in a package.

B. Assemble of Fiber-Array and OXC Chip C. Assemble of Fiber-Array Chip System in Package

A thermoelectric cooler with a heat pumping capacity of

The optical cross-connect is fixed on a 24 thick AIN- ) . ) :
P W is mounted in an aluminum package and connected with

substrate. The integrated electrooptical MZI switches on t L . .
chip are bonded with bondpads on the AIN-substrate. T ectrical isolated feedthroughs. The aluminum-oxide support

system is placed on the invar carrier and temporary he[P(EOfI'Ie r_lrahs ?_)E)actly the sr?me tTCkn?SS as tth?j thertrr?oeletctnc
in position using a vacuum hole in the middle of this par{‘?00 er. The fiber-array chip system IS mounted on those two

The chip is visually aligned adjusting the in- and outpd?arts by tightening two screws. To avoid heat transfer, two

waveguides to be parallel and opposite to the six fiber tipﬁ.’lon isolating spacers (Fig. 1 nr. 15) are mounted _between
The submount is permanently attached on the carrier by us 5 Screws a’?d the invar base _plate. A IDMTC thermistor .

low viscosity adhesive. The carrier can be shifted toward the mounted in the invar carrier _and r_:llso connected with
fiber array on the base plate until the optimal distance betwe! feedthroughs. The five electrical wires, used to operate

fiber tip and optical waveguide is reached. This distance :ez dmrzoluz\;:’gc_?ﬁse’ iritgr(;?ggeh;;dsvt\/?tctr?:s %l;tjédg,v;vggng\éi
10-12 Fig. 2). Th lidi Fig. 1nr. 1 [ : )}
0-12um (Fig. 2). The wo sliding bars (Fig. 1 nr. 13) provide, s, one is used for applied voltage and the other is used

llel t. Previ th d Iready ti
& paratle’ ovement. FTevIous these rocs are already tg I backup if the other failed. In the package, five additional

fitted to the base plate. The invar carrier is fixed to these ro .
by 4 holes on the border (Fig. 1 nr. 14). The influence of t gedthroughs are mounted, which are reserved for the backup

shrinking effect in thez-direction of the epoxy during curing connequon. The f|b§r.s are gnclosed by an aluminum part
is minimized as the forces in this direction are avoided 43¢€ Fig- 7)- A precision O-ring located between the cover-
a consequence of the perpendicular direction of the holesa['ad upper—flange _assures_hermetlc sealing gfter t_he package
the rod. Alignment of the fiber array is carried out with hel[g'aS _been f_|IIed with dry nitrogen gas. The fiber pigtails are
of the two auxiliary fibers at the extremes of the array. Th%rovlded with FC/PC-type connectors.

infrared light from these fibers is launched in two waveguides

on the cross-connect chip used as alignment waveguides. At IV. EXPERIMENTAL RESULTS

the rear side of the chip these infrared spots are monitoredThe package is mounted on an aluminum bottom plate and
by an objective lens on an infrared camera. The inner fooonnected with a printed circuit board. When the input ports
fibers are designated to the input and output channels of #me fed with a broadband source such as the spontaneous
cross-connect. These are also used for fine-adjustment. Eneission of an optical amplifier the output ports exhibits
excess loss is measured during alignment and fixation. Time transmission characteristics shown in Fig. 8. The chip
flexible part is fixed to the base plate with low shrinkingemperature is set at 16, to tune the integrated PHASAR to
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9 P 9 Fig. 11. Relationship between transmission curve of second wavelength

Bhgnnel and ambient temperature.

the target wavelengths of 1551.1, 1554.2, 1557.4, and 156
nm. The excess losses of the input and output combinationstienperature of 16C. The electrical power to control the chip
(after polarization adjustment) between 24 and 27 dB. Givingmperature depends on the temperature difference between
the estimated on chip loss H# 1 dB, the average couplingambient temperature and chip temperature (Fig. 10). At three
loss caused by the fiber to chip coupling is 5 dB. A bestmbient temperatures of &, 20°C, and 40°C the chip
excess loss of 24 dB has been measured for the TE-motemperature is varied. With an electrical power of less than
The cross-connect chip features a polarization dependencel &, the chip temperature can be cooled down with 25or
approximately 3.1 dB. heated up with 25C. This implies that the heat leakage from
The transmission characteristics have been studied by vattye invar carrier to the invar base plate, by means of the two
ing the ambient temperature from°& to 45°C with driving rods and the aluminum oxide carrier, is minimal.
and not driving the thermoelectric device. In Fig. 9, is given In Fig. 11, an example is given from the second wavelength
the relationship between ambient temperature and the traclsannel of 1554.2 nm as a function of the ambient temperature.
mission of the integrated PHASAR. The polarization is optimized for TE mode. In the temperature
When the thermoelectric device is in the off state, the transnge from 20°C to 40°C, the total excess losses remain
mission wavelength of the PHASAR exhibit a temperatureonstant at 23.7 dB. At lower ambient temperatures the excess
dependent shift in proportion to the ambient temperature losses increases. This phenomenon has been observed for all
0.12 nm?C. When the thermoelectric device is in the orhannels. If we tune the temperature of the chip in an ambient
state, the target wavelengths can easily be matched at a dbipperature of 40C to a chip temperature of 18C, whereby
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the target wavelength of 1554.2 nm is matched, the total losc~~
are the same as the total losses at the initial temperature
40°C. If we heat up the chip temperature to 16 in an

ambient temperature of 8C, the total losses are the same a
the losses at an ambient temperature 6fC5 namely 29.6

dB. We attribute the loss increase at lower temperature to 1
mismatch in thermal expansion coefficients of the invar ba
plate, the nylon isolating spacers and the stainless steel scr
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