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ABSTRACT 

 
The Fiber Optic Cable and Connector System, FOCCoS, is a set of optical cables to feed the Prime Focus 

Spectrograph, PFS, for Subaru telescope [01,02]. The extremity responsible for delivering light to spectrographs is 

called, FCA, Fiber Cable A. Cable A is the cable installed at the Spectrograph side and consists of the Fiber Slit 

Assembly, FSA, the routing with its support and the Fiber Input Assembly, FIA. FSA is composed of a set of optical 

fibers arranged linearly on the Slit device and supported by the Frame, protected by segmented tubes and routed 

between strain relief boxes and the connection interface. FIA is composed by the Connector Bench (Gang Connector) 

that allow connection with Cable B, at the Subaru Telescope interface, to receive light from Cable C where the fibers 

end is coupled with microlens. As four Spectrographs are considered for PFS/Subaru, four units of Cable A are 

necessary. In this paper, we present in details of a complete FCA to be installed in the spectrograph bench. We discuss 

about the general design, methods used to manufacture the involved devices. 

 

Keywords: Optical fibers, Slit device, Spectrograph, Composite. 

 

1.INTRODUCTION 

 
This concept to building slits presents several advantages over other approaches. It is much easier to assemble in a 

short time, less expensive, more accurate, and easier to adjust; it also and a strong, robust, and miniature device. This 

design of slit ensures the direction of the fibers using nickel masks of micro holes. This kind of mask is made by a 

technique called electroforming, which is able to produce a nickel plate with holes in a linear array. The precision 

error is around 1μm in the diameter and 1μm in the positions of the holes. This nickel plate may be produced with a 

thickness between 50 and 200μm so may be very flexible. This flexibility allows inducing the curvature necessary for 

a curved slit as shown in the Fig. 1. We describe in this paper the device constructed to be effectively used in 

FOCCoS/PFS. The masks with the fibers are mounted inside a very compact invar case, Fig. 2, and the front surface 

is covered by dark green composite, to reduce light reflections, Fig. 3. The dark green composite is obtained from a 

mixture of EPO-TEK 301-2, ceramics and others materials in nano-particles form. To avoid bubbles and stress, this 

mixture must be prepared in a separate receptacle inside a vacuum centrifuge machine. The resulting material is more 

resistant and harder than EPO-TEK 301-2, and it is well suited for the fabrication of optical fiber arrays. An important 
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secondary characteristic is the ease with which it can be polished. This feature is a result of the presence of micro 

particles, which keep the polished surface very homogeneous during the final polishing procedure.  

 

 

 

 

Figure 3- a) PTFE assembly 

jig with the slit head to 

receive the dark green 

composite that will compose 

the frontal surface of the slit. 

PTFE doped with graphite 

does not offer adherence for 

the composite so it is very 

easy remove the slit head 

from the jig when the 

composite is dried and 

solidified. b) Slit device 

with the composite frontal 

layer solidified. 

 

Figure 1- Nickel mask with holes produced by electroforming process to be used in the slits for FOCCoS/PFS. The 

accuracy is around 1 micron for the diameter of the hole and for the distance between each hole. 

 

Figure 2- Invar case used to support the nickel masks populated with 600 optical fibers 

 
Figure 3-a Figure 3-b 
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Each of the masks is glued with epoxy against the wall of the invar base following the radius of curvature previously 

calculated for that design. The alignment of the front mask against the back mask is done with the help of a high 

performance Mitutoyo Tool Maker microscope. Adjusting and fixing jigs were designed to intermediate the alignment 

masks process. The structural integrity of the slit is guaranteed by the epoxy welding of the two bottom and upper 

invar bases, previously screwed against each other. The interior of the slit between the two masks is filled with 

Sylgard-184, silicone to avoid FRD increment in the optical fibers. The polishing process for the green composite 

covering the front surface of the slit takes several steps.  The first step, which removes the excess green composite, 

use 30um then 12um emery paper in aluminum oxide film. Next, grinding of the cylinder is accomplished using a 

sequence 9μm, 5μm, 3μm, and 1μm. Final polishing is performed using silica colloidal on a chemistry cloth on the 

metal curved base, Fig.4. After each step of polishing, it is necessary using a microscope to monitoring the optical 

fibers surface to insure the high quality of polishing. The Fig. 5, shows the slit after polished. 

 

 

2. FCA SYSTEM 

 
The Fiber Cable A assembly is constructed to support the slit device, the fiber cable A and the optical fibers connectors 

bench to connect with Cable B. The slit device is enclosed within a case called slit support, Fig. .6, and this in turn is 

fixed in the Frame, Fig. 7. At each end of the slit support there are Tiny relief boxes, Fig. 8, that allow redirection of 

the fibers with a radius of curvature without stress induction. The fiber path follows through segmented tubes to the 

strain relief box with the connector bench. Frame and the Slit support are constructed with an alloy of steel and titanium 

following a very precise machining process. The Tiny relief boxes at the bottom and top are made of aluminum. The 

aluminum parts are anodized in matte black color and the titanium steel parts are painted in black with a special black 

paint. The entire structure is provisionally mounted on a chassis built with aluminum bars. This chassis serves to 

transport and support the structure up to the time of insertion in the spectrograph stand. This operation removes FCA 

by carefully positioning its devices in the spectrograph. The slit device form a linear array of 616 fibers constructed 

into an arc that matches the curved field of the spectrograph collimator. The physical size of the slit device is ~140mm 

long in which 600 science fibers, Polymicro FBP129168190, plus 16 engineering fibers, Polymicro FBP065162.5190,  

are held with center-to-center spacing of 213,93μm. The proposed optical design for the spectrograph is based on a 

Schmidt collimator facing a Schmidt camera [03]. This architecture is very robust, well known and documented. It 

allows for high image quality with only few simple elements (high throughput) at the expense of the central 

obscuration, which leads to larger optics. Slit devices are part of this central obscuration, so they are subject to size 

limitations. The size limitation must be balanced against structural and dimensional stability to optimize overall system 

performance. The 600 science fibers are distributed in 22 segmented tubes. Each segmented tube contains 28 or 29 

fibers and tube number 22 contains 16 engineer fibers. The distribution of the fibers within the tubes follows a pattern 

that is part of a mapping system that encodes the light input at the top of the telescope with the light output at the 

spectrograph. The internal diameter of the segmented tubes is approximately 3mm and has a length of approximately 

Figure 4- A polishing 

device has been constructed 

to operate under a curved 

surface substrate of radius 

equivalent to the desired 

final bend radius for the slit. 

The structure of the device 

allows to move the slit in 

three dimensions during the 

polishing process. The 

polishing substrate accepts 

glass paper or abrasive 

liquid solutions well. A slit 

support jig was designed 

with two side tracks of 

ceramic blocks to ensure a 

flat cross section during 

polishing. 

Figure 5- Slit device finished. After the polishing 

procedure, the composite layer is approximately 500 

microns thick 
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)2,3,21.2. 

1 meter. To make sure that the volume of fibers occupying this diameter did not increase the FRD of the fibers were 

evaluated and the results were negligible. 

 

 

 
  

 

 

3.CONNECTORS FIBERS SYSTEM 

 
 The company USCONEC produces the multi-fiber connector under study. The USCONEC 32F model can 

connect 32 optical fibers in a 4 x 8 matrix arrangement. The ferrules are made of a durable composite, Polyphenylene 

Sulfide (PPS) based thermoplastic. The connections are held in place by a push-on/pull-off latch, and the connector 

can also be distinguished by a pair of metal guide pins that protrude from the front of the connector. Two fibers per 

connector will be used for monitoring the connection procedure. It was found to be easy to polish and it is small 

enough to be mounted in groups. Highly multiplexed instruments like PFS require a fiber connector system that can 

deliver excellent optical performance and reliability. PFS requires two different types of structures to organize the 

connectors. The Tower Connector system, with 80 multi-fiber connectors, will be a group of connectors for connecting 

cable B (Telescope Structure) with cable C (Positioners Plate). The Gang Connector system is a group of 8 gang 

connectors, each one with 12 multi-fibers connectors, for connecting cable B (Telescope Structure) with cable A 

(Spectrograph). The bench tests with these connector systems and the chosen fibers should measure the throughput of 

light and the stability after many connections and disconnections.  

 

3.1 – MTP Usconec 

USCONEC ferrule has potentially 32 canals to inserts optical fibers distributed in a 4x8 matrix disposition like shown 

in the Fig. 9. Possible fibers arrangements inside the USCONEC Ferrules include mode 29 or 28 fibers in agreement 

with the necessary distribution. The Usconec MTP multi-fiber connector has a spring mechanism that can be used to 

define a range of force against the contact. This force is important to ensure a contact pressure between the two sides 

of the connector and to maintain a stable connection. This contact pressure between the surfaces of the fibers shapes 

the interface of the optical fibers during the connection, enabling a higher coupling efficiency. Thus, this type of 

connector defines a dynamic range of opposing force to improve the contact interface, therefore ensuring better 

performance of the connection.  
 

3.2 - Gang Connector 

The female side is the beginning of the Cable A, which leads to the spectrographs. The process to ensure that force 

includes a mechanism to obtain displacement of the core with subsequent generation of opposing forces between pairs 

of connectors, using a simple rotation of the connector outer shield. Gang connector was developed for the APOGEE 

and designed by R. French Leger (Washington University). This bench, illustrated by Figs. 10 and 11, can 

Figure 6- Slit Support to hold the 

slit device on the Frame. This 

support is machined in titanium. 

steel. 

Figure 8- Tiny relief boxes in 

each extremity of the Slit Support 

with tubes fixed by holders.  

Figure 7- Frame used to 

support the slit inside the 

spectrograph bench.  
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4. MONITORING FIBER CONNECTOR SYSTEM 
 

 FOCCoS subsystem needs to have a specific set of devices to evaluate the connection process before or 

during the operation of the instrument. This evaluation consists in analysis of luminous flux from fibers monitors, 

which, by their location in the ferrules, ensures information on the optical coupling between the two sides of the 

USCONEC ferrules inside the connector’s bench. Two fibers in each corner of the ferrule USCONEC needs to be 

used as monitoring fibers. The light injected in the monitoring fibers needs to have a focal ratio F/2.8 so would be 

possible evaluate the flux of light at the exit of the fiber after the connection. This is necessary not only to evaluate 

the connection but also to quantify the efficiency of the connection. Monitors fibers are inserted in the diagonal 

extremities of the USCONEC ferrules, gray points in Fig. 12. The analyze of light flux from these fibers gives us 

direct information about the connection per ferrules pair. In fact, this is the best position to evaluate the connection 

taking in account the parallelism between the antagonist ferrules surfaces. If the both monitors’ fibers have good 

connection, all fibers of the ferrule also will have good connection. 

 

 

 

Figure 9- Schematic of USCONEC ferrule 32 

 3 

1.2 Fiber optics connection 

 

The US Connec MTP multi-fiber connector has a spring mechanism that can be used to define a range of force against 

the contact. This force is important to ensure a contact pressure between the two sides of the connector and to maintain a 

stable connection. This contact pressure between the surfaces of the fibers shapes the interface of the optical fibers 

during the connection, enabling a higher coupling efficiency. Thus, this type of connector defines a dynamic range of 

opposing force to improve the contact interface, therefore ensuring better performance of the connection.  

 

 

2.0 OPTICAL BENCH CONNECTORS 
 

FOCCoS sub-system of PFS has two optical fiber bench connectors. Both benches use the US Conec MTP as structural 

cells in a design that exploits the contact force in each individual cell. The design uses the precision from the US Conec 

ferrule 32 F and the high performance of the fibers in the project. Considering the limited space at the top end of the 

telescope, a completely new bench for the USCONEC ferrule – the Tower Connector – was developed to connect cables 

C and B. However, we do not have the same limitation of space to connect the cables B and A at the IR-side fourth 

floor, so a well-known connector bench, Gang Connector, will be used.  

 

 
2.1 Gang connector 

 
Gang connector was developed for the APOGEE spectrograph [03] and designed by R. French Leger (Washington 

University). This bench, illustrated by Figs. 4 and 5, can accommodate 10 or 12 US Conec multi-fibers connectors. In 

this way, the optical fibers from each sub-cable of Cable B will be distributed in one Gang connector (male side). The 

female side is the beginning of the Cable A, which leads to the spectrographs. The Gang connector will be installed at 

the IR - side fourth floor. The number of cells requires around 20 kgf to balance the sum of the individual strength of 

each spring from each US Conec connector. The process to ensure that force includes a mechanism to obtain 

displacement of the core with subsequent generation of opposing forces between pairs of connectors, using a simple 

rotation of the connector outer shield. 

 

 

 

Figure 4: Gang connector system, to be used at spectrograph 

side of Cable B. 4 Gang connectors with 10 cells and 4 Gang 

connectors with 11 cells compose the bench. 

Figure 5: Drawing of Gang connector showing the Male 

side, the female side and the opposing forces to ensure the 

pressure of contact between the ferrules. 

Figure 10- Drawing of Gang Connector showing the 

Male side, the female side and the opposing forces to 

ensure the pressure of contact between the ferrules.  

 

Figure 11- Gang Connector bench 

showing the optical fiber coming from 

the strain relief box. At right side, there 

is a male Gang Connector coupled for 

tests. 
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The circuit for a logic diagram that covers all USCONEC 

ferrules is shown in the Fig. 13. This design establishes a 

serial circuit between two pair of ferrules, one from Tower 

connector and other from Gang connector. This 

configuration does not offer information about which ferrule 

of the pair, may present problem, but this information may 

be obtained other set of tests. The main objective of this 

system is determinate if the connection is efficient. This 

system provides two tubes with optical fibers starting on the 

SRB2. The tube that finish on CCD monitoring contain 

fibers from ferrules installed at Tower Connector Box and 

the tube that finish in the Light Source Bench contain fibers 

from ferrules installed at Gang Connectors Bench. 

Obviously, this means that we will have a duct of optical 

fibers that come from SRB2 and it is going to the monitoring 

box in some place of the spectrograph room. The images 

collected by the CCDs will be transmitted by Ethernet with 

wire cable.  

 

 

5. SUMMARY 

We described here a new concept to apply in the construction of optical 

fibers slit device, which ensures the right direction of the fibers by using 

masks of micro holes. The estimated precision is around1μm in diameter 

and 1μm in positions of the holes. The basic project requires two flexible 

masks, which we call Front Mask and Rear Mask, separated by a gap that 

define the thickness of the slit. In this context, the pitch and the diameter of 

the holes define the linear geometry of the slit. The curvature radius of each 

mask defines the angular geometry of the slit. The internal structure 

combines INVAR and high performance composite. The final propose of 

this work is develop an efficient slit device for FOCCoS, “Fiber Optical 

Cable and Connector System”, subsystem of PFS, “Prime Focus 

Spectrograph” called FCA (Fiber Cable A), Fig. 14, that will be installed in 

the Subaru telescope.  

 

 

Figure 12- Disposition of monitor’s fibers in the USCONEC ferrule 

Figure 13- Schematic of the circuit of test of monitoring 

fibers per USCONEC ferrule 

Figure 14- FCA system to be installed in 

the spectrograph bench of PFS in the 

Subaru telescope 
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