
Fiber Array to Photonic Integrated Circuit Assembly 

Method with Post-Weld-Shift Compensation 
J. H. C. van Zantvoort, S.G.L. Plukker, E. Smalbrugge, M.T. Hill, E.C.A. Dekkers, G.D. 

Khoe, A.M.J. Koonen, and H. de Waardt  

COBRA Research Institute, Eindhoven University of Technology, 

Den Dolech 2, 5600 MB Eindhoven, The Netherlands  

A mechanical subassembly is presented enabling fine positioning and fixation of an 

array of lensed fibers to multiport photonic integrated circuits. To demonstrate the 

functionality, two Indium Phosphide based photonic integrated circuits are pigtailed; 

an integrated two-state multi-wavelength laser chip, operating at 25 ºC and a coupled 

Mach-Zehnder interferometer chip, operating at 10 ºC. Both devices functions as a one-

bit optical memory element with optical set and reset functions. Successful post-weld-

shift compensation, in the order of 0.1 µm – 3 µm, is established, using laser supported 

adjustment. The mechanical alignment stability is proven to be smaller than 25 nm / ºC, 

measured in a temperature range between 10 ºC and 30 ºC.  

Introduction 

In opto-electronic device packaging, the fixation technology is a very challenging task 

and laser welding is acknowledged at present as the most stable fixation technology. 

During the welding process, the melting of metal parts that fuse together upon 

solidification and consequently forming a weld joint, causes shrinkage forces during this 

solidification. The shrinkage forces produce misalignment between the two welded parts 

and these shifts are the so-called post-weld-shifts (PWS’s). In this paper, the PWS is 

minimized by the design of the subassembly and alignment of the fiber array can be 

accomplished in four degrees of freedom. Subsequently, after the permanent fixation 

process, post-weld-shift compensation is possible by re-position of the fiber array by 

metal deformation based on laser welding induced local heat. 

Assembly procedure 

The subassembly consists of a mechanical actuator part, on which the fiber array is 

mounted and a chip mounting platform. A photograph of the subassembly is shown in 

figure 1. After aligning the fiber array to the optimum position, using temporary 

connected piezo-electric actuators, the mechanical actuator part is welded in position 

using an alignment frame. Subsequently, the piezo-electric actuators are disconnected 

and compensation for PWS’s can be performed by deformation of the tuning frame at 

positions A, B, C, or D using laser induced local heat (fig 1, b). Detailed information 

about the subassembly can be read in reference [1]. To demonstrate the functionality, 

two indium phosphide based photonic integrated circuits (PIC’s) are pigtailed; an 

integrated two-state arrayed waveguide grating (AWG) based multi-wavelength chip and 

a coupled Mach-Zehnder interferometer. The mask layouts are shown in figure 2. 

Description of the working principle of both devices can be read in references [2] and 

[3]. Commercially available lensed fiber arrays, composed of fibers with lens radii of 

15.0 µm ± 1.0 µm, are used to reduce the coupling loss to 4.4 dB – 5.5 dB. The fiber 

arrays are fine aligned actively, by measuring the optical spontaneously emission power 

of the semi-conductor optical amplifiers (SOA’s) at the fiber pigtails simultaneously. 

When the fiber array is optimal aligned, the received optical powers for all fibers are  
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normalized to 100 %. Next, the actuator part is welded to the tuning frame 

simultaneously, with equal laser energies of 5 J. The optical output signals and the 

absolute position of the fiber array are measured during the welding process. In table 1 

are shown the process of the concerned PIC, the relative positions of the fiber array in 

the lateral x-direction, (Dx) and the transversal y-direction, measured at two positions  

(Dy 1) and (Dy 2). The position and the definition of the translations are also sketched in 

figure 1b, using the right handed coordinate system. Next, the normalized received 

optical powers are given of the in- and out-put ports. The shift of the fiber array as a 

result of the PWS is for the two-state AWG-based multi wavelength chip (PIC (a)) 0.3 

µm and 0.2 µm in the lateral x- and transversal y-direction, respectively. These small 

shifts lead to an optical power decrease of 6 % for the (In B) port. The two inner fibers 

of fiber array have a deviation difference of 0.6 µm approximately in the fiber pitch of 

250 µm. This causes more relative optical power decrease of the two inner (Out A) and 

(Out B) channels of about 15 %. Next, the displacement pins are disconnected from the 

subassembly. This mechanical disconnection releases the internal stresses in the 

subassembly, which results in a shift of 0.4 µm in the negative x-direction. 

Consequently, the fiber array is translated to the initial x-position. Also a small shift in 

the positive y-direction produces a higher coupling efficiency improvement of the (Out 

A) and (Out B) ports compared with the initial position. The coupling efficiency of the 

fourth (In B) port is also recovered to the maximum value. Compared with the 

normalized received optical powers at the initial position, re-adjusting the fiber array 

using the tuning frames was not necessary to execute. In contrast, the coupled Mach-

Zehnder interferometer is also actively aligned and all measured optical powers of the 

waveguides are normalized to 100 %. During the fixation welding process, the measured 

values of the displacement transducers are 2.8 µm in the negative x-direction, 0.3 µm in 

the negative y-direction at position (Dy 1) and 0.7 µm in the positive y-direction at 

position (Dy 2). Consequently, the received optical powers of all waveguides-to-fibers 

transitions are reduced with 10 dB approximately. After disconnecting the displacement 

pins between the piezo-actuators and subassembly, the internal stress build up in the 

          PIC (a) Dx [µm] Dy1 [µm] Dy2 [µm] In A [%] Out A [%] Out B [%] In B [%] 

I      Initial position  0  0       0 100 100 100 100 

II     fixation + 0.3 - 0.2    -  0.1 100 84 83 94 

III    disconnection     - 0.4     + 0.4    + 0.2       93       106       108       100 

PIC (b)       Dx [µm] Dy1 [µm] Dy2 [µm] In/Out 1 [%] Bias 1 [%] Bias 2 [%] In/Out 2 [%] 

 I     Initial position       0        0       0      100       100      100      100 

 II    fixation    -  2.8     -  0.3    + 0.7          2         11        12          9 

 III  disconnection    + 4.3     + 1.6     - 2.2        12         29        21        16 

 IV  laser adjusting    -  1.6     -  1.4    + 1.2        95       100        89        80 

A
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D

Dy 1 Dy 2

X

 

Fig. 1 Top view (a) and front view (b) of the realized sub-assembly. PWS 
compensation can be performed using laser adjusting at positions A, B, C, 

or D of the alignment frame. 
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Fig. 2 Mask layouts of a two state AWG-based 

multi-wavelength laser PIC1 (a) and a coupled 

Mach-Zehnder interferometer chip PIC2 (b). 

Table 1. Displacement in x- and y-direction and accompanying normalized optical power in % at initial position (I), after the 

fixation step (II), after removing the connection pins between the piezo-actuator and the sub-assembly (III) and the net 

displacement after the laser-adjust process (IV). 

 

(a)                               (b)  

(a) 

(b) 

Fiber Array to Photonic Integrated Circuit Assembly Method with Post-Weld-Shift . . .

226



subassembly forces the adjustable inner part back in the positive x-direction, resulting in 

coupling losses of 7 dB average for all fiber waveguide transitions. Therefore the 

adjustable inner part of the subassembly is laser adjusted in the negative x-direction over 

a net translation range of 1.6 µm. Simultaneously, the fiber array is also rotated in the θz-

direction, measured the net linear translations of 1.4 µm in the negative y-direction at 

position (Dy 1) and 1.2 µm in the positive y-direction at position (Dy 2). During the 

laser adjust process, the received optical powers are recovered to 95%, 100%, 89% and 

80% for the (In/Out 1), (Bias 1), (Bias 2), and (In/Out 2) ports, respectively. The PWS is 

compensated by deform the tuning plate at 22 positions. The alignment step can varied 

from 0.2 µm to 2 µm, depending on the laser energy, which is in the range of 0.8 J – 2.8 

J with a weld time of 5 ms. The most shrinkage is applied 7 times at position C of the 

tuning frame to realize the rotational translation in the θz-direction (see figure 1b). 

Positions B and C are heated up 6 times, while position A is heated up 3 times.  

Thermal stability characterization 

Both subassemblies are mounted onto a 16.6 W thermo-electric cooler (TEC) and fixed 

unambiguously on a three-point support in a package [1]. The package is hermetic 

sealed and filled with dry nitrogen gas using two integrated small valves in the package. 

The stability between the fiber tips and chip facet is determined by measuring the 

average spontaneous emission power of all four ports of both PIC’s by supplying a 

current of 20 mA to the SOA’s. The chip temperature of both devices is varied from 10 

ºC to 30 ºC by controlling the TEC. For both devices is measured an increase of 

spontaneous emission power as a function of decreasing chip temperature. For the two-

state multi-wavelength laser chip, the measured optical output of both SOA’s shows 

optical power dependence with the same linear slope for all four fiber-to-waveguide 

transitions. The relation between received optical powers as function of the chip 

temperature is shown in figure 3. In addition, the dependence between the spontaneous 

emission power and the chip temperature is measured on a SOA with the same length of 

750 µm between 10 ºC and 40 ºC. The relation between the emitted optical power and 

chip temperature is determined to be –0.06 dB / ºC. Refer to figure 3, it can be 

concluded that the coupling is stable for the measured temperature range. The 

normalized output power as function of the chip temperature of the coupled Mach-

Zehnder interferometer is shown in figure 4. From this figure can be concluded that, 

analogous to figure 3, the coupling between the (Bias 1) port and the fiber is stable. 

From this reference, at a chip temperature of 30 ºC, an extra additional loss of 0.5 dB 

and 0.8 dB for the (Bias 2) and (In/Out 2) ports are measured at the fiber pigtails, 

respectively. The In/Out 1 port shows an improvement in coupling efficiency. The 

transmission curves as function of transversal displacement in the y-direction, measured 

just before the fixation process are shown in figure 5. This figure explains the difference 

between measured curves of figure 4; the top of the (Bias 1) curve is located at the 

position y = 0, whereas the top of the (In/Out 1) curve is located at position y = -1 µm. 

Similarly, the maximum optical power transfer of the (Bias 2) and (In/Out 2) ports are 

located at 0.5 µm intervals in the y-direction. At position y = 0, the difference in average 

coupling efficiency of all four fiber transitions are within 0.5 dB. However, if the 

aligning between the waveguides and fiber array translates in the negative y-direction 

over a range of 0.5 µm as a result of temperature changes between 10 ºC and 30 ºC, the 

coupling efficiencies of the (In/Out 1) port increases, while the coupling efficiency of 

the (Bias 1) port remain the same value and the coupling efficiencies of the other (Bias 
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2) and (In/Out 2) ports decrease. This tendency agrees with additional coupling 

efficiency curves of + 0.5 dB, - 0.5 dB and - 0.8 dB for the waveguide ports (In/Out 1), 

(Bias 2), and (In/Out 2), respectively. In conclusion, concerning the subassembly of PIC 

2, the fiber array shifts apparently 0.5 µm in the negative y-direction measured over a 

temperature range between 10 ºC and 30 ºC. In contrast, the subassembly of PIC 1 

shows excellent thermal stability. The difference between these two subassemblies is the 

fact that during the assembly process, the pre-aligning of PIC 1 is performed more 

accurate in the x-direction with respect to the neutral position of the fiber array. 

Therefore, as a result of small absolute translations of the fiber array, the external forces 

cause relative small strain in the subassembly. After pre-aligning and attaching PIC 2 to 

the chip mounting platform, the fiber array has to be aligned over a relative longer 

distance. During the fixation process, this a-symmetrical initial position of the middle 

part of the subassembly, related to the tuning frame can cause differ in the local 

temperature profile of the two welded parts, resulting in a PWS. The higher forces, 

applied on the adjustable middle part of the subassembly, to obtain the optimum 

alignment of the fiber array to the waveguides, can build up residual stress in the 

subassembly after disconnecting the displacement pins. During the laser tuning of the 

alignment frame for the PWS compensation process, the plastic material deformation of 

the branches in the alignment frame create also stress in the material. It is plausible that 

residual stress in the subassembly as well as the generated strain in the alignment frame 

can causes the thermal mechanical stability dependence of 25 nm / ºC in the temperature 

range of 10 ºC to 30 ºC.  

Conclusions 

A mechanical subassembly is realized to align and fix a lensed fiber array in 4 degrees 

of freedom to a two-state multi wavelength laser chip and a coupled Mach-Zehnder 

interferometer chip. The design minimizes PWS’s and permanent fixation is performed 

using a well-balanced laser set-up. The optimum position of the fiber array is laser 

welded resulting in minimum and neglect able PWS of 0.1 µm to 0.3 µm for the two-

state multi-wavelength laser chip. This device shows excellent thermal stability. During 

the assembly process of the coupled Mach-Zehnder interferometer successful PWS 

compensation, in the order of 0.1 µm to 3 µm is established. The mechanical alignment 

stability of this device is proven to be smaller than 25 nm / ºC from 10 ºC to 30 ºC. 
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Fig. 3 Measured spontaneously emission 

power as function of chip temperature of 

PIC 1. 

Fig. 4 Measured spontaneously emission 

power as function of chip temperature of 

PIC 2. 

Fig. 5 Measured received spontaneously 

emission power as a function of the 

transversal y-position of the fiber array. 
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