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1.Introduction 
 
In this document, a deep analysis of the new hardware and mechanical features to include in                
the White Rabbit Switch 4.0 (WRS-4) will be shown. The main goal of this report is to                 
compare different alternatives of the key elements which will be included in the new White               
Rabbit Switch in order to propose several designs and their estimated costs.  
 
First of all, a general review of the state of the art of similar commercial switches and time                  
providers will be carried out. A comparative table (see Annex I) of several popular devices               
with their main characteristics will serve as basis in order to choose which elements are the                
most interesting to be included in the new WRS. Moreover, the inputs collected from the WR                
Community are listed to make sure that the choices are aligned as much as possible with the                 
wishes and suggestions form the WR users. 
 
After that, a deep analysis of each key elements will be done. The main features to analyse                 
will be heat dissipation, power supply, mechanical design complexity, interfaces and internal            
modularity. 
 
Finally, several designs will be presented based on previous analysis, including their            
fabrication cost estimation. One design will be a fully featured switch with best features and               
the other one will be a basic switch (and thus less expensive). 
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2.State of the Art 
 
As commented, the first step in this study is to analyse and compare the principal features of                 
various switches and time providers suggested by CERN and Seven Solutions and            
manufactured by different companies. An analysis about the state of the art has been done               
in order to compile a list of the main features of several popular switches similar to the new                  
WRS-4, see Table I.1 in Annex I. 
 
Once the examples have been chosen, an information collection of the most interesting             
elements has been made. The key components and features Seven Solutions has paid             
attention to are: 
 

● Power Supply 
● Fans 
● Physical Interfaces (management & timing) 
● Price 

 
The main goal of Table I.1 is to catch ideas from other similar devices and analyse if it is                   
worth to include them or not in the design of the new WRS-4. Let’s detail each parameter of                  
the list in order to obtain the most common option between the most popular devices. 
 

2.1. Power Supply 
 
Power supply is a main block in an electronic device so its analysis is very important.                
Observing different devices, we obtained four different parameters to classify the power            
supply systems: redundancy, if it is fixed or hot-swappable, whether it is standard or not,               
price, and the quantity of PSU.  
 
Redundancy in critical systems like switches are usually very important as we can observe              
from Table I.1. Redundancy assures the proper working operation even if a power supply              
unit is broken. All the switches included in this list have the property of redundancy               
concerning PSU. Usually, there is redundancy because the equipment contains two PSU.            
However, some devices like HP 2910al and 3COM 4400 obtain this redundancy by means of               
an external module purchased separately, while these equipments have only one power            
supply module. 
 
Other parameter to consider is the mounting mode of each PSU. The most common option               
in redundant power supply is to use a hot-swappable PSU. In all equipment including              
hot-swappable power supplies, each module is connected directly into the motherboard PCB            
by means of a connector. Using this technology, a not working power supply unit could be                
replaced without opening the enclosure and switching off the device. Most of this kind of               
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PSU include an internal fan for its own heat dissipation, and its airflow direction is the same                 
as the rest of the enclosure’s fans. 
The main inconvenience of a hot swap power supply unit is the increase of the complexity in                 
enclosure design and manufacturing, as we will show in the next section (section 4). As it is                 
a mobile part and accessible from outside, both case and PCB mechanical drawings have to               
be carefully designed such that the PSU connector fits exactly in motherboard connector. 
 

 
Figure 1: Example of hot-swappable PSU from Artesyn. 

 
In case of a non-redundant system, all these devices contain a fixed power supply module.               
This module is screwed to the chassis and provides power through a wired connector. Then,               
if a fixed power supply breaks, the equipment will switch off and there is no other way to                  
replace it but to open the enclosure and unscrew it. These fixed PSUs usually do not have                 
any internal fan, unlike the hot-swappable ones. 
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Figure 2: Example of fixed PSU from EOS (actual power supply of WRS 3.0). 

 
Moreover, it is observed in the switches comparison Table I.1 (Annex I) that in all the                
switches the power supply plugs (for hot-swappable and fixed PSUs) are located in the back               
part of the enclosure, and none of the switches has a power on/off button. 
 
Lastly, let’s talk about standards in the power supply units reviewed. Not even one of the                
PSU analysed is standard according to their datasheets. Each power supply module            
integrates its own connector typical of one vendor, as well as its size. Thus, in actual                
switches and time providers, standard PSUs are not used. 
 

2.2. Fans 
 
As we will analyse in the next section, heat dissipation in electronic devices is essential for a                 
good performance of the equipment. Integrated circuits have an operating temperature           
above which the component can break, so a correct heat dissipation is required. The role of                
fans in this task is fundamental.  
 
As for power supply units, both redundancy and whether they are hot-swappable or not are               
the main characteristics concerning fans in this kind of electronic device. Moreover, the             
quantity and the direction of airflow have been observed and written in the switches              
comparison table (Annex I). 
 
Among all switches and time providers studied, only three of them do not include any fan                
module for power dissipation. And among those that do have fans, all contain at least two                
modules. In addition to this, the majority of fans are hot-swappable modules. Hot-swappable             
modules include a connector which has to be plugged into its mate connector located in the                
main PCB.  
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Thus, according to observation, an electronic device with characteristics as the new White             
Rabbit Switch to be designed usually have more than two hot-swappable fan modules.  
 

 
Figure 3: Example of hot-swappable fan module from OpenCompute. 

 
Similar to the case of power supply units, hot-swappable fan modules require precision in              
enclosure design and manufacturing processes since they have to fit perfectly. A minimal             
deviation of the manufactured chassis from the design may prevent the fan modules from              
fitting  into the main PCB.  
The connector or the way to plug the fan into the electronic board are not standardized as                 
we have examined; each manufacturer or vendor uses its own different connector. 
 
Finally, let’s analyse the position and airflow direction in these equipment under study. In              
most of the switches with fans examined, the hot-swappable fan modules are situated in the               
back panel of the equipment. In case of fixed fans, they are located in the right part of the                   
device in the two equipments that have fixed ones. 
Studying the switches listed in the switches comparison table (Annex I), we can see that               
vendors offer the possibility of installing fan modules with different airflow direction in the              
function of part number chosen. This way, the same device could be purchased with intake               
airflow (rear to front in case of back-installed modules) or exhaust airflow (front to rear in                
case of back-installed modules). The choice will depend on which side of the rack the cold                
air is. 
 

2.3. Interfaces  
 
Another feature to investigate is the type of interfaces that are added to the equipments.               
These interfaces may be management ports, status indicators, an LCD screen,           
user-operated buttons… The goal of analysing this parameter is to observe the most             
common interfaces that are being used in modern switches and time providers, in order to               
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adapt the design of new White Rabbit Switch 4.0 accordingly. The main interfaces included              
in the list are as follows: 
 

● A port which is present in almost every device studied is the female USB type A. This                 
connector is used, above all, for firmware or configuration update. 

 
● For serial communication or console, the most common port used is an Ethernet             

RJ45. Also, some mini USB and USB C have been observed. 
 

● For management purposes, the most common choice is an Ethernet RJ45 port.            
Besides, it is usual to find management SFP port(s) in these devices. 

 
● A reset button is present in most of the devices, usually in the front panel interfaces.                

On the contrary, not a single power on/off button has been observed in any of the                
devices studied. 

 
● Status LEDs indicators are usually found in switches and time providers. 

 
● None of the switches under study has an LCD screen. However, both time providers              

analysed have one. 
 

● Concerning timing connectors, only two among the switches analysed have timing           
connectors such as 1PPS and 10 MHz. One has SMA connectors and the other has               
SMB ports. The time provider from Meinberg includes BNC connectors. 

 

 
Figure 4: Front panel interfaces in switch DCS-7150S-24 from Arista. 
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3. Inputs from the WR Community 
This section lists design suggestions and wishes for the new WRS-4 that were             

received from the WR community. The list in this section focuses exclusively on the aspects               
related to the interfaces, power supply, fans and PCBs. Other aspects will be listed in               
relevant documents. For example, the guidelines related to the main board (FPGA, CPU,             
memory and clock distribution) are included in the document “WRS-4 main board (Hardware             
Architecture)” (to be published). 
 

Tables 1, 2, 3 and 4 provide guidelines for the Interface, Power Supply, Fans and               
PCB, respectively. The list has been compiled from inputs at the 10th WR Workshop and the                
call for “A new design for the WR switch: call for ideas and wishes” in the                
white-rabbit-dev mailing list. These sources are referred to as follows: 

● [RF.1] - white-rabbit-dev mailing list and its relevant messages:  
msg00012, msg00015, msg00016, msg00020 msg00029, msg00033, msg00041 

● [RF.2] - White Rabbit Switch discussion in the WR Workshop 
 

In Tables 1-4, similar design guidelines are grouped into a single table entry (row).              
Thus, many “Sources” can be listed for a single row. The “Comment” column includes one of                
the following: 

● “Yes, Sec X.Y” - indicates that the new WRS-4 design is meant to comply with the                
suggestion(s), and provides a reference to a section in which the related aspects are              
discussed. 

● “No, Sec X.Y” - indicates that the new WRS-4 switch is not meant to comply with the                 
suggestion(s), and (possibly) provides a section in which related aspects are           
discussed. 

● “Possible in future” - indicates that an extension of the proposed design to comply              
with the suggestion(s) is possible in the future. 
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ID Type Description Comment  Source 

INT-1 Data port 
number  

The new WRS should be a drop-down replacement for the 
current WRS (minimum 18 ports) 

Yes,  
Sec. 4.5 

Additional 

INT-2 The new WRS-4 should have more than 18 ports (min 24). 
 

Possible in 
future 

[RF.1]: 
msg00015 

INT-3 Port Speed  The port speed of the WRS-4 should be 1 Gbps and 10 Gbps.  
NOTE: At least 2 ports at 10 Gbps, ideally all ports to support 
lpGBT. 

Yes,  
Sec. 4.5 

[RF.1]: 
msg00015 

INT-4 The new WRS-4 should support 10G and above, look at 
more "coherent" SFPs like 25GbE and 100GbE ++ 

Possible in 
future 

[RF.2] 

INT-5 Management 
ports  

The new WRS-4 should include: 
● 1 x SFP (1G). 
● 1 x Ethernet RJ45 (10/1000/1G). 
● 1 x UART RJ45. 
● 1 x UART mini USB Type B.  

Yes, 
Sec. 4.5 

Additional, 
[RF.2], 
[RF.1]: 
msg00016 

INT-6 The new WRS-4 should include: 
● RS232 interface 
● Power button on the front panel 

No,  
Sec. 2.3, 
Sec. 4.5 

 

INT-7 Type of 
front-panel 
input/output 
timing 
connectors.  
 

The new WRS-4 should include: 
● 1PPS: Input. 
● 10 MHz: Input. 
● CLK-AUX: Input. 
● 1PPS: Output. 
● 10MHz: Output. 
● CLK-AUX: Output. 
● Abscal (absolute calibration): Output. 

Yes, 
Sec. 4.5 

Additional, 
[RF.2] 

INT-8 Features of 
front-panel 
input/output 
timing 
connectors 

● The input / output timing connectors should use SMA or 
3.5 connectors. 

● All inputs and outputs should be switchable between 
High-Z and 50 Ohm with LVCMOS-3.3V levels at the 
endpoints. 

● The 10 MHz input should accept sine or digital signals. 
The same input as the one used in the Low Jitter 
Daughterboard. Input levels from -10 dBm to +24 dBm 
into 50 Ohm impedance (Hi-Z no optional). 

● The WRS-4 should have the ability to disable inputs to 
improve noise. 

Yes,  
Sec. 4.5 

Additional, 
[RF.2], 
[RF.1]: 
msg00014 

INT-9 ● The input / output timing connectors should use LVDS 
Clock Outputs 

● The timing connectors should be differential  

Possible in 
future 

[RF.1]: 
msg00012, 
msg00041 

INT-10 Front-Panel 
display 

The new WRS-4 should include at the front panel: 
● Locator light, or/and 
● A small OLED display on the front-panel. Watch out for 

noise from LCD displays and such. Don't rely on LCDs for 
normal operation.  

NOTE: Watch out for noise from LCD displays and such. 
Don't rely on LCDs for normal operation 

Yes,  
Sec 4.5 

[RF.2] 

Table 1. Interface. 
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ID Type Description Comment  Source 

PWR-1 Redundancy The new WRS-4 should include redundant and 
hot-swappable power supplies (optional) 

Yes,  
Sec. 4.3 

[RF.2],[RF.1]: 
msg00041, 
msg00029,  

PWR-2 Enough current 
for DWDM SFPs 

The power supply should provide enough current taking 
into account that it will be possible to use DWDM SFPs 
whose power consumption is higher. 

Yes  
Sec. 4.1 

[RF.2] 

PWR-3 Power supply 
location and 
airflow direction 

When designing the new WRS-4, the following should be 
studied: 
● optimal location 
● optimal airflow direction, possibly support for change 

in the direction. 
 

Sec 2 
Sec 4.3 

 [RF.2] 

PWR-4 Standard power 
supply 

If possible, the power supply should have standard 
dimensions and connectors. 

Sec 4.3 Additional 

Table 2. Power Supply. 

 

ID Type Description Comment  Source 

FAN-1 Redundant and 
hot-swappable 

The new WRS-4 should include redundant and 
hot-swappable fans 

Yes, 
 Sec. 4.2 

[RF.1]: 
msg00033 

FAN-2 Airflow The WRS-4 should support changes in direction of air 
flow by changing fans or inverting mounting. 

Yes, 
Sec. 4.2 

[RF.2] 

FAN-3 Control of fan The WRS-4 should include components to control the 
fans: speed monitor, PWM controller, tachometer and 
presence detector. 

Yes,  
Sec. 4.2 

[RF.1]: 
msg00033 

FAN-4 Fanless 
design 

The WRS-4 should keep ability to cool using some 
external source of cooling (not active fan) 

Possible 
in future, 
Sec.4.2 

 

Table 3. Fans.  

 

ID Type Description See  Source 

PCB-1 1-PCB design To minimize design complexity, the new WRS-4 should 
have a single PCB that includes the main components 
and the SFP cages 

Yes,  
Sec. 4.6 

[RF.1]: 
msg00029 

PCB-2 High Speed 
PCB 

The main PCB of the WRS-4 should support high speed 
signals to include 10Gbps links. 

Yes,  
Sec. 4.6 

Additional 

Table 4. PCB. 
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4.Analysis of main elements 
 
After having analysed several commercially available switches and time providers to catch            
ideas for the new White Rabbit Switch 4.0, we are going to adapt these main features to the                  
new WR switch design, staying aligned with the input from  the WR Community.  
Based on this new study, in the next section 5, different designs will be proposed (from a                 
fully featured to a basic one). 
 

4.1. Power consumption estimation 
 
A very important issue to analyse is the power consumption of the new WRS. An estimation                
of this parameter is necessary in order to design the size of the power supply and the                 
dissipation and cooling modules. To prepare this estimation, the first step is to identify the               
main components of the system in relation to the current they need to operate. After that, the                 
addition of each worst case power consumption in watts will result in the overall power that                
will be used as the basis of the calculations. 
 
A large part of consumption in the electronic design of this switch will be dedicated to the                 
SFP transceivers. The enhanced small form factor pluggable (SFP+) fiber optic transceivers            
that are going to be used in the new equipment support dense wavelength division              
multiplexing (DWDM). An example with these characteristics is the TPD7XGKZRxxG model           
from Oplink manufacturer, which supports data transmission at DWDM wavelength over up            
to 80 km single mode fiber. The previously commented performances increase the power             
consumption of each SFP+ transceiver up to 1.2W. typically. For a final solution that includes               
18 SFP+ ports, the estimated consumption is over 22W. Because of this high consumption              
of the SFP+, we recommend the use of external sources that generate those 3.3V. This               
would facilitate the design of the switch boards. 
 
Other important parts of the equipment to consider are the FPGA, and the rest of               
components and ICs such as PLLs or buffers. FPGA power consumption of a design can be                
estimated using the tool provided by Xilinx named XPE (Xilinx Power Estimator).  
 
Figure 5 shows the estimated PS consumption of a Zynq UltraScale+. 
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Figure 5: Power consumption of PS in a Zynq UltraScale+. 

 
Figure 6 shows the estimated consumption for the design described in the document: “WRS              
resource utilisation on Xilinx US+ FPGA” prepared by Creotech Instruments, for an            
architecture with all ports configured at a speed of 10 Gbps (worst case taking into account                
resources utilization). 
 

 

 
Figure 6: Power consumption of PL and GTH transceivers in a Zynq UltraScale+ 

XCZU11EG-1FFVC1156E. 

 
 
 
Thus, adding the power estimated for SFP+ transceivers, FPGA and electronic components,            
the total power heat to dissipate is around 55 W (Table 5). 
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Component Power Consumption  

PS of the Zynq 3.0 W 

GTH and PL of the Zynq 11.7 W 

Other circuits (PLLs, expansion board, 
memories, OCXO clocking, power 
regulators…) 

18 W 

SFP+ 22 W 

Total Power Estimation  54.7 W 
Table 5: Total power estimation for WRS 4.0. 

4.2. Heat dissipation 
 
The accumulation of heat in an enclosure is critical and potentially damaging to electrical              
and electronic devices. Overheating can shorten the life expectancy of electrical components            
or lead to a failure. For this reason, a convenient solution for avoiding the rising of internal                 
temperature must be designed. 
 
The most common solution for cooling an electronic system is usually the use of fans. Fans                
are active elements that produce an airflow between the hot air internal to the enclosure and                
the external room temperature air. There are dedicated formulas that can be used to              
calculate the CFM (Cubic Feet per Minute) needed to dissipate certain power in function of               
the difference in temperature between the inside and outside parts of the enclosure. A              
simple and quick formula is as follows: 
 

FM  C = (3.16 )× PD / (ΔT  ºF )  
 
where is the power to dissipate and the difference in temperature between inside PD        T  ºFΔ        
and outside in Fahrenheit. Variation in Fahrenheit has the following correspondence in            
Celsius: 
 

T  ºF .8 ΔT  ºC)Δ = 1 × (  
 
Using this formula to dissipate the 55W calculated previously and allowing only 10ºC of              
temperature rise with respect to outside the box, then the fans have to generate 9.65 CFM.                
This result is not a tight requirement since a conventional and commercial 40x40 mm fan               
can supply more than 10 CFM. 
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However, the best option to optimize the cooling system is to distribute several fans (at least                
two) along the width of the enclosure. The distribution assures a better dissipation of heat               
inside the box since hot air in every area of the enclosure is pulled out and replaced by new                   
and colder air.  
This solution increases slightly the cost of the equipment because each Switch will have at               
least two fans and the complexity of the enclosure may increase too. Nonetheless, we              
recommend to include at least two fans for better airflow. 
 
Besides this, it has been shown that direct airflow over critical components as high              
performance OCXO affects its performance. In case of low noise OCXO, the phase noise is               
increased when a direct airflow is applied over it. This could be avoided by isolating/covering               
these critical components from direct airflow. In section 5 - option 3 a method that prevents                
direct airflow is shown. 
 
Apart from sizing the fans with power requirements, fans may have different characteristics             
and functions depending on the model chosen. The simplest fan needs only the power              
supply and its speed is constant. Other fans may include speed regulation through a PWM               
signal, speed information from fan to host using a tach signal, automatic restart. Next, a               
comparative will be shown for two fan models (Table 6): a simple one and a fully featured                 
one. 
 
 

Part Number Manufacturer CFM Power Characteristics Price 1 unit 

MF40201VX-10
00U-A99 

Sunon 10.8 1 W · Fixed speed 5.58€ 

PF40561BX-000
U-S99 

Sunon 31.7 16.68 W · Dual speed 
· broken rotor 
protection 
· PWM control 
· Tachometer 

36.31€ 

Table 6: Comparative of two fan models. 

 
Second option could be seen as an overestimated solution, but this model is a common               
element in Ethernet switches due to the fact that it has high quality bearing type in order to                  
reduce MTBF in fan modules.  
 
Apart from fan cost, it is necessary to include the price of a controller chip in the main board                   
to manage these additional features. An example of this controller could be the             
ADT7470ARQZ model from Analog Devices, whose unit price is 5.64€ per unit. 
 
The next point to resolve concerning the cooling system is the integration of the fan               
modules. Basically, as we have observed previously, there are three different options:  

1) the fans are fixed to the rear panel of the chassis, or 
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2) the modules are hot-swappable at rear panel but with hand connection to the main              

board, or  
3) the fans are hot-swappable and self-docked to main board. 

 

● Option 1: Fixed mounted to rear panel 
In fixed fans option, the main advantage is the low cost of this solution. Due to the fact that                   
there are no mobile parts in chassis, the manufacture of the enclosure is less expensive so                
only some holes in front or back panels have to be done. On the contrary, this option does                  
not allow a quick and easy replacement of a fan in the case that it is broken. As a                   
manufacturer of WRS 3.0, Seven Solutions has experience in this manufacturing process            
and the most common problem in the WRS is the break of a fan. To do the replacement, a                   
technical person has to turn off the equipment, open the enclosure and unscrew the broken               
fan in order to install a new one.  
 

 
Figure 7: Example of fixed mounted fan modules from NETBased. 

 

● Option 2: Hot-swappable to rear panel with hand connection 
The contrary benefits and disadvantages has the hot-swappable option with respect to the             
fixed one. The main advantage of this option is that there is no need to switch off the WRS                   
when a replacement of a broken fan has to be carried out. There will not be any interruption                  
in operation and any person could do the replacement (no technical person needed). 
In this case, the price of the enclosure will rise since a hot-swappable system has to be                 
designed and manufactured.  
 
The fan is fixed to a simple panel that can be screwed and unscrewed easily to rear panel.                  
This way the fan module can be replaced in case of breaking. The connection to the                
motherboard is made through a connector which has to be hand-connected. 
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Figure 8: Example of hot-swappable with hand connection from NETBased. 

 

● Option 3: Hot-swappable to rear panel with self-docking connection 
 
Usually, this solution needs an internal cage fixed to the base of the chassis which is used to                  
guide the fan module, and a fan bracket where the fan is fixed. Thus, this solution has a                  
higher price compared to the previous option. This option could be divided into two different               
solutions depending on the connection to the main board. 
 

- Option 3.1: fully featured bracket and PCB  

 
In this case, the module is usually designed as a small complex box to which a fan is fixed                   
and that includes a small PCB with a connector. This connector contains the control signals               
of the fan and must be easily hot-swappable into the suitable connector situated in the               
motherboard of the system. Therefore the PCB is needed in order to route fan signals to the                 
plug connector and is used as a support of this connector. 
 
This design must have a high precision in the manufacturing process so that the pieces fit                
into the enclosure and the connectors can be plugged into with no problems. 
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Figure 9: Example of hot-swappable with self-docking connection with PCB from 

NETBased. 

For example, as we will see in section 4.4 about manufacturing processes, Figure 10 shows               
a fan bracket which has a cost estimation of 15.93 €/unit for a quantity of 25 modules. 
 

 
Figure 10: Example of fan bracket. 

 

Element Quantity Unit price (€) 

Fan bracket hot swap. CNC punched and 
laser cutting. Material galvanized steel 
 

4 44.99 

25 15.93 

50 13.16 

100 11.77 

Table 7. Unit price for fan bracket module. 
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- Option 3.2: simple bracket without PCB 

 
Costs could be reduced with respect to the solution 3.1 if the PCB is avoided and the bracket                  
is made simple. Figure 11.1 and Figure 11.2 shows an example of such a bracket designed                
by Seven Solutions in which the shape of the bracket does not mean a rise of complexity                 
and the wire-to-board connectors, which can also be seen in Figure 11.1, allow for removing               
the PCB of the option 3.1. Although it is not visible in Figure 11.1, the fans’ wires are directly                   
soldered to the pins of the wire-to-board connectors which will connect directly to the main               
board. Figure 37 shows this fans module with 3 fans connected directly to the main board. 
 
An example of this type of wire-to-board connector could be the P/N EBM06DREH from              
Sullins Connector Solutions. 
 

 

 
Figure 11.1: Example of simple 3 fans bracket without PCB and hot-swappable 

designed by Seven Solutions. These fans module consists of 3 parts: bracket, fans and 
wire-to-board connectors, where the fans wires are directly soldered to their pins. 
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Figure 11.2: Metal piece on the enclosure for attaching the fans. 

 
In the other edge, in the main board, two types of connection can be used: 
 

- an edge connector that is made of the PCB itself as in Figure 12: 
 

 

 
Figure 12: Edge connector made of PCB. 

 
- an external edge connector which is soldered to the PCB as in Figure 13: 

SEVEN SOLUTIONS S.L (www.sevensols.com) 
Copyright CERN 2019. This document is licensed under the Attribution-ShareAlike 4.0 International (CC BY-SA 4.0) license. 

20 
 



 

 
Figure 13: External edge connector with solder termination 

In addition to this module it is only necessary to add a simple finger guard, see Figure 14, in                   
order to comply with the security rules. 
 
 

 
Figure 14: Example of a finger guard for fans. 

 
 
As a summary, the total cost for different solutions can be found in Table 8. This table takes                  
into account the prices for fans, bracket, connectors, PCB… 
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Options Redundant Installation type Fan type PCB 
needed 

Cost approx 
per unit 

(including 
labor costs) 

Enclosure 
Complexity 

Fixed mounted to rear 
panel (option 1) - one 
fan Yes Fixed mounted Basic No ~10€ Low 

Hot-swappable to rear 
panel with hand 
connection (option 2) - 
module with one fan Yes 

Hot-swappable & 
hand connection Basic No ~25€ Medium 

Hot-swappable to rear 
panel with self-docking 
connection with PCB 
(option 3.1) - module 
with one fan Yes 

Hot-swappable & 
self-docking 

Fully 
featured Yes ~65€ High 

Hot-swappable to rear 
panel with self-docking 
connection without 
PCB (option 3.2) - 
module with one1 fan Yes 

Hot-swappable & 
self-docking 

Fully 
featured No ~35€ Medium 

Hot-swappable to rear 
panel with self-docking 
connection without 
PCB (option 3.2) - 
module with 3 fans Yes 

Hot-swappable & 
self-docking 

Fully 
featured No ~60€ Medium 

Table 8. Fan options. 
 
The last aspect to consider concerning the fans is the airflow direction in the device. As we                 
have commented, vendors usually give the option of choosing both directions (intake or             
exhaust) when purchasing the equipment. The decision has to be made according to where              
the cold air is. If colder air is in front of the rack, then we should mount front to rear airflow                     
fans (exhaust), or rear to front airflow fans (intake) if the colder side is at the back of the                   
rack. This way, the cold air will enter into the enclosure and will push the hot air generated                  
by power dissipation. However, this is not a permanent implementation because the            
direction of the modules could be changed only reversing the fan at the time of               
manufacturing the equipment. 
 
Besides including some fans for a proper internal airflow, other possibilities could be added              
to the design in order to reduce the stress produced by overheating. The most common               
element in cooling systems for this kind of electronic device is the heatsink. Heatsink is a                
passive element that transfers the heat generated by one or several electronic components             
to the air. This allows regulation of the device’s temperature at optimal levels and the heat                
produced by this heating component is not transmitted to the adjacent components through             
the PCB. Combined with fans, these techniques can reach a high reduction of heat inside               
the chassis. 
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Figure 15: Example of heatsink over an integrated circuit. 

 
Thus, the most heating components in the boards should have a heatsink to make easier the                
transfer of heat to the air. These components, as we have commented, are the Zynq and                
PLLs. 
 
 
 

4.3. Power supply 
 
Based on previous power consumption study in section 4.1. where an estimation of power              
consumption of the device was carried out (Table 5), the power supply chosen for this new                
design must provide at least 80W-100W of output power, in order not to cause electrical               
overstress in the power supply. A more accurate calculation of the power consumption will              
be made when main components are chosen. 
Now, we will analyze the different possibilities that exist when choosing a power supply for               
the new WRS-4. In order to perform the study, we base it on different alternatives that we                 
can find in the market for current Ethernet switches, highlighting aspects such as             
redundancy, available standards, required energy consumption, costs … 
 

Option 1: Basic configuration 
 
The current version of the WRS contains a basic power supply unit with a 12V DC @ 6.8A                  
output (Figure 2).  
 
Redundancy & hot-swapability  
In this case we only have a fixed internal power supply, so if the power supply fails, the WRS                   
will stop working. In order to fix the WRS it will be necessary to open the enclosure and                  
replace the power supply. 
 
 
 

SEVEN SOLUTIONS S.L (www.sevensols.com) 
Copyright CERN 2019. This document is licensed under the Attribution-ShareAlike 4.0 International (CC BY-SA 4.0) license. 

23 
 



 
Vendor lock-in & standard 
Although we are using a specific model of power supply, if it becomes obsolete, there are                
many power supplies with the same configuration for the inputs and outputs. Probably the              
only change would be the physical dimensions, involving a small change in the fastening              
points in the enclosure. 
 
Cost 
This is a cost-effective solution since according to the seller’s web the cost is 70 €. 
 
Enclosure complexity 
In this case the complexity of the manufacturing process of the enclosure is low because               
high precision, expensive materials or specific parts are not required. In fact, it is possible to                
use prefabricated enclosure where only the front & back panels would have to be              
customized. Please, read the following section to observe the different manufacturing           
process.  
 
 

Option 2: Fixed dual power supply 
 
This option can be considered as an improvement of the previous option, since there is               
redundancy of power supplies but they are not hot-swappable. Such design is presented in              
Figure 16. It has two identical power supplies working in parallel and if either of them fails,                 
the equipment continues working, but to repair any unit it is necessary to open the enclosure                
and replace the broken module. This possibility is mainly used in switches of a moderate               
cost such as the Advantech device ESP-9110. 

 
Figure 16: Example of internal dual power supply. 
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Redundancy & hot-swapability  
In this case we already have a real redundancy for the power supply but with the                
inconvenience that these modules are not hot-swappable and therefore the repair process            
will involve turning off the equipment and opening the enclosure. 
 
Vendor lock-in & standard 
As in the case of the first option, if we have to change the power supplies model, at most                   
only a small change in design will be necessary. 
 
Cost 
In order to estimate the cost of this option, it would be enough to double the cost of the first                    
option, so it would be 140 €. 
 
Enclosure complexity 
The same as in the previous option, the complexity of the manufacturing process of the               
enclosure is low. 
 
 

Option 3: 1U redundant compact module 
 
This option is mainly used in servers which need redundant power supplies. Several vendors              
offer these compact power supplies that consist of two hot-swappable modules. Due to the              
fact that these power supplies are used to power motherboards of servers, their output              
connectors usually meet the ATX standard (Figure 17). 

  
Figure 17: Example of 1U redundant compact module and its ATX standard 

connector. 

 
Redundancy & hot-swapability 
This power supply is able to operate with a single power supply module, or in a N+1 parallel                  
hot-swappable operation with active load sharing in a N+1 redundant configuration. Mixed            
operation of different input type power modules (AC-DC and DC-DC) is allowed. The             
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redundancy management of the modules is carried out internally, offering an interface            
(PMBus based on I2C) to control and check the status of the power supply.  
 
Vendor lock-in & standard 
As we mentioned above, this kind of power supply provides standard ATX power             
connectors. The ATX specification requires the power supply to produce three main outputs,             
+3.3V, +5V and +12V which could be an interesting factor to simplify the design of the power                 
rails on the main board. For example, in the case of +3.3 V, which is used to power the SFPs, the                     
new WRS will need at least 24W when using DWDM SFPs, therefore instead of using only +12V                 
from the power supply, the new main board could also use 3.3V simplifying the design of the                 
power rails (without forgetting that the power-on sequence requirements defined by Xilinx must             
be met). In addition to the voltages mentioned above, the ATX specification defines the +5 VSB                
supply which is used to produce trickle power to provide the soft-power feature of ATX when an                 
equipment is turned off. This functionality could be useful if we want to implement mechanisms               
such as WOL (Wake-on-LAN) or remote reset, where the transceiver should be powered by the               
+5 VSB supply. 
 
Other interesting functionality that includes these power supplies is the PMBus that is a              
standard for communication and power management. The new design could use PMBus            
commands to set a power supply's operating parameters, monitor its operation, and perform             
corrective measures in response to faults or operational warnings. The possibility to monitor             
and maintain a PMBus system could enhance significantly the reliability and availability of             
the new WRS. 
 
Finally, it is worth mentioning a possible disadvantage of these power supplies, each vendor              
has different form factors so if the physical size changes between power supplies, the              
enclosure must be adapted for each alternative used. However, up to three redundant             
compact power supplies, each from different manufacturers, have been found in the market             
with the same dimensions of 106 mm (W) x 41.5 mm (H), so these dimensions could be                 
used in the design and there would be no vendor lock-in. 3YPower, Zippy, Dynapowerusa              
are manufacturers that use these dimensions in their redundant modules. 
 
Cost 
According to some websites where these power supplies are sold, the price is approximately              
390 €.  
 
Enclosure complexity 
We can say that the enclosure complexity is low when using 1U redundant compact module.               
This is because vendors provide these compact modules ready-to-install in the enclosure,            
without the need to add extra parts or mechanisms that could complicate the design and               
manufacturing. For this case, the main problem would be that we have to adapt the               
enclosure design to a specific power supply model, since there is no standard that defines               
the form factor (i.e. size) of these modules. Yet, the enclosure design could provide some               
margins to accommodate a range of sizes. 
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Option 4: N+1 Redundant and Independent power supplies. The standard          
CRPS (Common Redundant Power Supplies). 
 
This is the option chosen by most manufacturers for the high-end switches available in the               
market. In this case, the typical configuration that we can find in many switches is two                
independent modules that must be integrated into the enclosure and where these modules             
connect directly to the main card without using cables (Figure 18). 
 

 

  

 
Figure 18: Example of N+1 redundant and independent power supplies and their 

integration in a real commercial switch. 

 
In the past, the power supplies of many of these switches did not meet any standards,                
therefore a modularized design structure was difficult to implement in these systems due to              
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the difference in mechanical dimensions and electronic specifications. However, recently,          
Intel defined a new proprietary standard called CRPS (Common Redundant Power           
Supplies). It allowed server suppliers to offer modular system integration capability and            
design by purely upgrading power capacity based on different system application           
requirements.  
 
Redundancy & hot-swapability 
As we mentioned above, this option is N+1 redundant and hot-swappable. However, unlike             
the option 3 where we have a compact solution, in this option 4, redundancy management               
must be implemented on the main board. 
 
Vendor lock-in & standard 
With the arrival of CRPS standard, numerous manufacturers have designed their power            
supplies following this standard. According to the information available on the Internet,            
CPRS defines a common form factor and an output connector pin configuration. However,             
the documentation of the standard is not open and it is owned by Intel. Anyway, some                
vendors, like Artesyn, provide information on the pin configuration (Figure 19) showing the             
output voltages and PMBus pinout. 

 
Figure 19: Pin configuration of a CRPS module from Artesyn. 

 
Cost 
The price for two modules of 550 watts is approximately 310 €, without taking into account                
extra components which may be required (e.g. cages, connectors ...). 
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Enclosure Complexity 
For this option, the enclosure complexity will be high due to extra parts such as specific                
cages (see Figure 20) will be necessary. This will be complicating the manufacturing             
process. For more details of the most appropriate manufacturing process, consult section            
4.4. 
 

 
Figure 20: Specific cage for a CRPS module for guiding. 

Finally, as a summary, the total cost and features for the options previously proposed can be                
found in Table 9. 
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Options Redundant Hot-swappable Vendor 
lock-in Standard Output Input PM 

Bus Cost approx Enclosure 
Complexity 

Basic configuration 
(e.g. WRS-3/18) 
(option 1) 

No No No No 12V, 6.8A (81W 
max) 

100 - 240 
VAC 

No ~ 70 € Low 

Fixed dual Power 
supply (e.g. 
Advantech 
ESP-9110) (option 
2) 

Yes No No No 12V, 7A (84W 
max) 

100 - 240 
VAC 

No ~ 140 € (two 
units) 

Low 

1U Redundant 
compact module 
(e.g. Zyppy) (option 
3) 

Yes and there 
are dummy 
modules for a 
cost-effective 
solution 

Yes Yes, although 
there are other 
manufacturers 
using ATX 
connectors but 
with different 
form factors 
and 
dimensions. 

- Form factor: 
No 
- Connectors: 
Yes (ATX) 

12V, 5V, 3.3V, 
5Vsb from 200W 

100 - 240 
VAC / 
-48V VDC 

Yes ~ 390 € (per 
module that 
includes two 
power 
supplies) 

Low 

CRPS (e.g. Artesyn, 
Supermicro...) 
(option 4) 

Yes Yes No - Form Factor: 
Yes (CRPS) 
- Connectors: 
Yes (CRPS) 

12V from 550W 100 - 240 
VAC / 
-48V VDC 

Yes ~ 310 € (two 
power 
supplies) 
without adding 
extra 
components 

High 

Table 9. Power supply options. 
 

4.4. Mechanical Design 
 
In this section different manufacturing processes are going to be analysed. Mechanical            
design is crucial in cost analysis of the equipment since the more complex is the mechanical                
design, the more expensive will be the enclosure. This is due to the need of employing a                 
more sophisticated manufacturing process so the proper level of precision can be achieved. 
 
Usually, the rack mount enclosures dedicated to housing electronic modules are made of             
sheets of metal. This metal sheet product requires several stages such as punching, cutting,              
forming, welding and painting in order to change into an electronic enclosure. The processes              
that signify larger variation regarding quality and price are punching, cutting and forming so              
we will focus our analysis on these. 
Currently, the main technologies in cutting, punching and forming sheet metal are: 

● Computer Numerical Control (CNC) machine with punching and laser cutting 
  

● Press stamping 

The first technique is a metal forming process realized with automatic CNC machines that              
use punch presses and dies realizing any kind of hole and folds. The punch passes through                
the sheet metal while the dies, located on the other side of the metal piece, work as support                  
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and help the punch to put more force ensuring the non-breaking of metal. In addition, for                
more complicated shapes, some CNC machines use laser cutting so any form can be built.               
Also, different tools with assorted shapes can be used in this machine in order to produce                
punching holes with a particular shape or even tools dedicated to bend the sheet and form                
folds needed. 

 
Figure 21.1: A CNC machine with punching. 

Otherwise, press stamping is the set of operations performed to obtain specific shapes             
including punching, blanking, sheet metal deep-drawing and bending. Using a press with a             
tooling and a die surface, the flat sheet of metal turns into the desired shape with holes and                  
reliefs. Each punch stamps an entire piece of metal, so the time spent to get the formed                 
piece is lower than in CNC processes. However, before the material can be moulded,              
engineers must design the tooling via CAD technology. These designs must be as precise              
as possible to ensure each punch and bend maintains proper clearance and, therefore,             
optimal part quality. 
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Figure 21.2: A press stamping machine. 

 
Both techniques exhibit a high accuracy in cutting and forming (using good performance             
machines), but flexibility, efficiency, material waste and, consequently, costs are not the            
same. 
 
Regarding the flexibility of the production, CNC technology is the best option. CNC machine              
is a programmable instrument so there is no associated cost for a change or improvement of                
the design version. However, in order to do a small change using press stamping process, a                
new tooling or die has to be designed and manufactured. This increases the unit price               
significantly in designs that are not fully closed and finished such as prototypes. 
 
Also, using the stamping press, a different tooling has to be designed and produced for               
every different part forming the enclosure (for example small pieces made of different             
material than the cover of the box, like fan modules). In the case of CNC machine, only a                  
new configuration of the machine has to be programmed. 
 
With respect to the machine cost, stamping press is the most expensive technology.             
Punching machines use standard thick turret tools that can be purchased from several             
suppliers, and one tool can be used several times on different areas of the sheet. 
 
 
Taking into account the previous characteristics to consider, we can observe that the             
efficiency in enclosure production using these two techniques depends on the quantity of the              
batch. If the batch to produce is small or it is a prototype, or the design contains different                  
small pieces then a better optimization can be reached using the CNC punching technology.              
On the other hand, if the production batches are large and the enclosure is made of the                 
same material then the recommendation is to invest into design and production of the tooling               
for the press stamping. As a summary, Table 10 shows the main differences between these               
two processes. 
 

Process Capability Tool costs Efficiency Functionality 

CNC punching Single feature 
(shapes, 
countersinks, 
dimples, louvers..) 

100€ - 
1,000€  

Low quantities 
and prototypes 

Multifunctional 
tools can be 
used, requires 
multiple hits 

Press stamping Entire part 1,000€ - 
100,000€ 

Mass 
production 
quantities 

Stamp out the 
entire part, 
requires one hit 

Table 10. Comparative of the two manufacturing processes explained. 
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Once we have analysed the two main manufacturing processes that work with metal, let's              
propose two different enclosure designs in order to compare them in terms of costs and their                
proper manufacturing processes. The two options are defined according to their complexity. 
 
The simplest (and therefore the cheapest) shape for an enclosure is a fully-closed box which               
does not have any mobile part and which only needs a customization of the front and back                 
panel in order to get access to the external connectors of the equipment. An example of this                 
sort of enclosure would be the actual White Rabbit Switch 3.0 (WRS 3.0). In this equipment,                
all the elements are internal and fixed to the chassis so the only customization are the holes                 
made in front and back panels for the connectors, buttons, fans and power supply. This               
example can be made simply with a semi-manual bending machine and a normal CNC drill. 
 

 
Figure 22: WRS 3.0 isometric drawing. 

 
If a more complex cage needs to be made, the previously explained technical procedures              
have to be applied. The increase of complexity in the design implies more sophisticated              
technologies since the accuracy in manufacturing process must be high. This high accuracy             
is required so that each part in enclosure fits adequately. A good quality in the manufacture                
of a housing with hot-swappable elements, such as hot-swap fan and power supply             
modules, cannot be guaranteed using technologies like those mentioned before with a plain             
design. A complex design of an Ethernet switch can be obtained from Open Compute              
Project, a community whose mission is to design and enable the delivery of the most               
efficient server, storage and data center hardware design. We can take as reference the              
Broadcom Open Switch Platform presented in Figure 23. This figure shows a 1U enclosure              
with hot-swappable fan modules, PSUs and other complex elements such as rails and wings              
for rack mounting.  
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Figure 23: Broadcom Open Switch Platform isometric splitted drawing. 

 
At first sight, we can observe that the second design is more complex than the first one.                 
Even though the simple chassis does not need best procedures, we look for a well finished                
enclosure. Thus, the first step is to find a good enclosure manufacturer that assures desired               
quality for each design. From experience, Seven Solutions knows about the difficulty of this              
step; we have tested a lot of manufacturers and only a few fulfill our requirements. It                
depends on the machines and tools that the manufacturer uses. 
A third intermediate solution between the two previous options, taking into account the             
complexity of the design, could be the option 3 presented in section 5 (figure 36 and 37).                 
This solution includes simpler alternatives for the fans and the power supply, which are              
easier to integrate into the enclosure with a moderate cost. 
 
Let’s compare the three offers of enclosures that were obtained from different            
manufacturers. You can see the costs of option 1 (WRS 3.0 enclosure) in Table 11, option 2                 
(Broadcom Open Switch enclosure) in Tables 12.1, 12.2, 12.3, and option 3 (intermediate             
solution for the enclosure) in Tables 13.1, 13.2. The WRS 3.0 chassis manufacturer has              
already been tested, but the other which has quoted the Broadcom Open Switch not yet.               
However, it has better machines to implement CNC punching and laser cutting with high              
quality. Next, we will show a quotation split in every element of each device. 
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Article description Quantity Unit price (€) 

WRS 3.0 Enclosure. CNC punched, 
powder coated. Material AlMg3 

 

10 57.51 

25 47.93 

50 44.73 

100 41.54 

200 40.25 

Ventilation piece. CNC punched. Material 
AlMg3 

 

10 3.48 

25 3.08 

50 2.40 

100 2.28 

200 1.88 

Grounded sheet. CNC punched. Material 
E-CU 

 

10 5.85 

25 5.18 

50 4.05 

100 3.83 

200 3.15 

CNC programming costs 1 264.60 

Table 11. Cost for WRS 3.0 (simple design) internal components enclosure. 
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Article description Quantity Unit price (€) 

Top Cover. CNC punched and laser 
cutting. Material galvanized steel 

 

1 91.26 

25 15.06 

50 13.48 

100 12.68 

Base enclosure. CNC punched and laser 
cutting. Material galvanized steel 

 

1 683.67 

25 170.86 

50 160.18 

100 154.86 

Left mounting ear. CNC punched and 
laser cutting. Material galvanized steel 

 

1 24.81 

25 7.09 

50 4.64 

100 3.41 

Right mounting ear. CNC punched and 
laser cutting. Material galvanized steel 

 

1 24.81 

25 7.09 

50 4.64 

100 3.41 

Table 12.1. Cost for Broadcom Open Switch (complex design) split into internal 
components. 
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Article description Quantity Unit price (€) 

Front panel. CNC punched and laser 
cutting. Material galvanized steel 

 

1 220.38 

25 47.38 

50 43.78 

100 41.98 

Face Plate. Laser cutting. Material 
stainless steel 

 

4 35.50 

25 10.36 

50 7.96 

100 6.77 

1U slider mounting. CNC punched and 
laser cutting. Material stainless steel 

 

2 61.26 

25 8.88 

50 6.60 

100 5.47 

1U ear rear mounting. CNC punched and 
laser cutting. Material stainless steel 

 

2 74.11 

25 13.76 

50 11.14 

100 9.82 

Table 12.2. Cost for Broadcom Open Switch (complex design) split into internal 
components. 
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Article description Quantity Unit price (€) 

Fan bracket hot swap. CNC punched and 
laser cutting. Material galvanized steel 

 

4 44.99 

25 15.93 

50 13.16 

100 11.77 

Hot swap bracket molex 8 pins. CNC 
punched and laser cutting. Material 
stainless steel 

 

4 32.95 

25 6.41 

50 3.88 

100 2.62 

Table 12.3. Cost for Broadcom Open Switch (complex design) split into internal 
components. 
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Article description Quantity Unit price (€) 

Base panel. CNC punched, powder 
coated. Material AlMg3 

 

10 87.4 

25 72.9 

50 65.7 

100 58.4 

200 58.2 

Right front panel wings. CNC punched, 
powder coated. Material AlMg3 

 

10 3.48 

25 3.08 

50 2.40 

100 2.28 

200 1.88 

Left front panel wings. CNC punched, 
powder coated. Material AlMg3 

 

10 3.48 

25 3.08 

50 2.40 

100 2.28 

200 1.88 

Table 13.1: Cost for option 3 presented in section 5 split into internal components. 

 
 
 
 
 
 
 
 
 
 

SEVEN SOLUTIONS S.L (www.sevensols.com) 
Copyright CERN 2019. This document is licensed under the Attribution-ShareAlike 4.0 International (CC BY-SA 4.0) license. 

39 
 



 
 

Article description Quantity Unit price (€) 

Top panel. CNC punched, powder 
coated. Material AlMg3 

 

10 20.2 

25 12.9 

50 10.7 

100 9.4 

200 9.2 

Separation wall 1. CNC punched, powder 
coated. Material AlMg3 

 

10 3.48 

25 3.08 

50 2.40 

100 2.28 

200 1.88 

Separation wall 2. CNC punched, powder 
coated. Material AlMg3 

 

10 7.5 

25 7.8 

50 6.6 

100 6.2 

200 5.5 

Fan bracket. CNC punched, powder 
coated. Material AlMg3 

 

10 21.4 

25 17.3 

50 15.6 

100 14.9 

200 14.6 

Table 13.2: Cost for option 3 presented in section 5 split into internal components. 
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For an easier comparison of price differences, the total unit price for each design is               
presented in Table 14.  
 

Enclosure Unit price for 25 
units 

Unit price for 50 
units 

Unit price for 100 
units 

WRS 3.0 66.77 € 56.47 € 50.29 € 

Broadcom Open Switch 302.82 € 269.46 € 252.79 € 

Option 3 presented in 
section 5 

120.14 € 105.8 € 95.74 € 

Table 14. Enclosure unit price for WRS 3.0 (simple design),  Broadcom Open Switch 
(complex design) and option 3 of WRS-4 design (section 5). 

As we can observe, there is a significant difference in prices due to the complexity in shapes                 
and tooling. 
 
Besides the manufacturing processes, there is another important process to analyse in            
enclosure manufacturing. It is the silk-screen printing. The new WRS-4 will include serigraph             
in order to identify the different interfaces and ports, and there are several methods to print                
it. 
 
We will focus on two methods: silk-screen printing by direct printing application to the              
enclosure, or by printing in a label sticker that will be stuck to the front panel. Both are                  
frequently implemented in actual switch enclosures. The first option consists of printing the             
letters and figures directly on the painted enclosure. Seven Solutions’ experience shows that             
it is not so easy to find a manufacturer which is able to provide an appropriate quality. The                  
second option uses a printed label sticker that is placed on the enclosure. Printer must have                
enough resolution to obtain the desired quality. In addition to this, normally a reduction in the                
sheet of metal is made so that the label fits on it and does not protrude (see Figure 24). This                    
increases the cost of the manufacturing. 
 

 
Figure 24: Example of a silk-screening in a printed label sticker with reduction of front panel. 
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4.5. Interfaces 
 
Now, we are going to discuss the main options regarding the interfaces of the equipment. It                
is proposed to consider guidelines in Table 1 following the trend observed in section 2,               
where the most used ports in actual switches and time providers are discussed. 
 
From the point of view of the front of the equipment, the limitation of the number of interfaces                  
that can be used comes from the physical dimensions of the 19" rack. For this reason,                
several 3D simulations have been prepared in order to verify whether the interfaces required              
by CERN (see the requirements list and Table 15) can be all included in the front panel. 
 
 

Interface CERN Proposal 

Data ports Number: 18  
Speed: 1 and/or 10 Gbps 

Management ports 2x Ethernet (1x RJ45 and 1x SFP) 

Serial ports 1xi USB Mini-B (add RJ45 if space 
allows) 

Other ports 1x USB (for firmware update) 

Timing interfaces SMA connectors: 
- IN_1: 10 MHz  
- IN_2: 1 PPS  
- IN_3: AUX  
- OUT_1: 10 MHz  
- OUT_2: 1 PPS  
- OUT_3: 62.5 MHz  
- OUT_4: AUX (abscal) 
 

Port Status LEDs 
1: Link / WR mode / Calib  
2: Synced / Activity / Speed 

General Status OLED display 

Buttons - Reset 
- Flash (from USB) 

Table 15: Interfaces proposal for WRS-4/20. 
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The 7 SMA connectors that we propose would be: 
 

● PPS-IN: LVCMOS-3.3V standard with Hi-Z or 50 Ohm selectable termination. 
● 10 MHz-IN: Sine or digital signal. The same input as the one used in the Low Jitter                 

Daughterboard. Input levels from -10 dBm to +24 dBm into 50 Ohm impedance (Hi-Z              
no optional). 

● CLK AUX IN: LVCMOS-3.3V standard input. 
● PPS-OUT: LVCMOS-3.3V standard PPS output. 
● 10MHz-OUT: LVCMOS-3.3V standard 10 MHz output. 
● CLK AUX Out: LVCMOS-3.3V standard 62.5 MHz output. 
● AUX (abscal). 

 
As a first design, we propose a front panel as shown in Figure 26 and similar to the actual                   
front panel in WRS-3/18. As we can observe, in this design the 18 SFP+ data ports use                 
non-stackable connectors (three modules of 1x6 connectors). These transceivers can          
support 1 Gbps and 10 Gbps and will provide data transmission at DWDM wavelength over               
up to 80 km. This option allows a better heat dissipation with respect to the next solution in                  
which SFP+ connectors are stacked. Yet, in this design the space available for other              
interfaces is reduced. In addition, it is recommended to use light pipes and SMD leds inside                
the card as in Figure 25. The LEDs solution of the current miniBackplane has generated               
many problems of soldering and shipping (leds pulled off). 
 

 
Figure 25: One row array of SFP cages with light pipes. 
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Figure 26: First front panel proposal of the WRS-4 (non-stackable SFPs). 

 
The management ports over fiber and copper (SFP and RJ45) are implemented and, with              
the use of a double-stacked RJ45, a serial RS232 port over RJ45 can be included without                
taking up space. We have searched other stacked connectors such as RJ45+SFP or             
SFP+USB but none of these exist. Also, a USB mini-B is included for debugging and serial                
communication features.  
 
However, it is observed that on the front panel of the new WRS-4 presented in Figure 26                 
there would be space for only 6 SMA connectors. Although the option of including 7 SMA                
connectors was being considered, this option would be feasible only by eliminating a             
management connector. Another option which has been considered is the use of            
double-stacked BNC connectors as in Figure 27. These are the only commercially available             
connectors in double-stack mode. This solution allows to reduce spacing and to include             
more than actual five SMA connectors proposed. However, the use of this connector may              
not be as widespread.  
 

 
Figure 27: Dual BNC connector stacked. 

Regarding general status indicators, a dual LED has been included in this proposal.  
 
Figure 28 shows a second option for the front panel that includes 18 double stacked SFP+                
connectors (one module of 2x4 and another of 2x5 connectors).  
 

 
Figure 28: Second front panel proposal of the WRS-4/18 (doubled-stacked SFPs). 

In this solution, the heat generated by SFP+ transceivers is accumulated in that area but it                
can be dissipated by the fan modules included. A better distribution of these transceivers              
could be in three stacked blocks of 2x3 SFP+ since they could be separated (symmetrical               
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and 18 in total), allowing for a better airflow from front to rear panel between connectors.                
However, after a relative quick search, no 2x3 SFP+ block is available in the market. 
This kind of double-stacked cages include light pipes too so there is no need of right angle                 
LEDs in front panel. 
 

 
Figure 29: Double-stacked SFP+ cages (2x5). 

 
The saving in space from using double-stacked connectors allows a better distribution of the              
interfaces along the front panel. The dual RJ45 connector and the SFP transceiver for              
management interfaces are maintained in this version too. Also, the USB mini-B and general              
use LEDs indicators as in the previous design. 
 
The main difference with respect to the first solution proposed is the inclusion of an               
expansion board which can be used for a new timing expansion board as we will comment in                 
section 4.7. It is proposed to have an open frame in the rear panel for adding new                 
connectors for the expansion board. Also, an area in the right edge of the front panel could                 
be used, for example, for placing an LCD screen, although it has been observed that none of                 
switches studied includes one. 
 
In addition, with this distribution, the implementation of seven SMA connectors proposed by             
CERN is possible. The additional AUX SMA output can be used as an absolute calibration               
signal. An internal sight of this solution is shown in Figure 36 in the next section 5. 
 

4.6. Quantity and shape of PCBs 
 
The design of electronic components in equipment deserves a deep analysis since another             
big part of costs is related to the number and shapes of electronic boards. For example,                
there are significant differences in costs if a two-board equipment is compared with a              
single-board one. 
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Let’s compare the cost of the current boards in WRS-3/18 with respect to a single board                
designed to work at 10 Gbps. The WRS-3 is composed of two boards: SCB and               
miniBackplane. Both boards include FR4 substrate which is less expensive but does not             
allow signal speed of 10 Gbps as required in the new WRS-4. The cost of both boards is                  
about 250 € (including the soldering processes for two boards but without components). On              
the other hand, a single board with N4000-13SI substrate (more expensive than FR4) costs              
200€ or 225€ depending on the board depth (also including the soldering process but              
without components).  
 
To these costs we have to add the frequent errors in the interconnection of both boards due                 
to the soldering problems, and non-recurrent costs like tooling for PCB and component             
assembly which are multiplied by two in case of WRS-3 with two boards. 
 
Thus, Seven Solutions recommends to design a solution with only a main board since it is                
less expensive to manufacture a big board than two small ones. 
 
Furthermore, the shape of these boards has to be taken into account too. PCB              
manufacturers work with rectangular or square panels of copper and dielectric material so             
the usual procedure to save costs is to distribute several boards in the same panel. Each                
panel is dedicated to a single design since every board has its own layer stack-up and it                 
cannot be used for different PCBs. Thus, every panel is paid no matter how much material is                 
used. 
 
In particular, a panel with N4000-13SI substrate (for 10Gbps) has a useful area of 570 x 427                 
mm², and each PCB must be more than 10 mm from another. 
 
In this way, simple shapes, such as rectangles and squares, are usually easier to fit in a                 
rectangular panel and are more inexpensive since there is no panel waste.  

 
Figure 30: Panelization of rectangular PCBs. 
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On the contrary, irregular or rounded board shapes (see Figure 31) waste more material              
because there are more unused areas and, therefore, you are paying for material that you               
are not using. 
 

 
Figure 31: Panelization of irregular-shaped PCBs. 

 

4.7. Modularization 
 
Another feature to analyse is the integration of future hardware modules in order to update               
or improve the performance of the switch. This option would be suitable especially for              
improving clocking performances like replacing internal default oscillator by a better one or             
adding a stable low phase noise oscillator for holdover. 
 
In order to maintain the integrity of the high speed signals the choice of the proper connector                 
is crucial. For this reason, a high-performance and high-speed board to board connector has              
to be chosen. Depending on the space available in enclosure and boards, we propose two               
different types of connectors for these expansion boards. Seven Solutions recommends a            
well-known connector manufacturer as Samtec. This vendor offers multiple solutions          
focused on high-speed signals depending on the preferred stack height, mounting angle or             
pin density.  
 
First option is a straight connector (Figure 32) so the expansion board is above the main                
board as in actual WRS-3/18 with SCB and miniBP connectors. This solution is             
recommended if there is no space in the equipment.  
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Figure 32: Straight connector (Q series from Samtec). 

The main issue with this solution is the physical limitation in height due to the 1U                
dimensions. Let’s remind that good oscillators used for holdover applications (OCXOs) have            
a height of at least 12 mm and they can reach more than 30 mm. It is an important factor to                     
keep in mind. For example, good-performance OCXOs as AOCJY6 series from Abracon and             
MV89 model from Morion US have a height of 25 mm and 38 mm respectively. 
 
Second option is an edge-mount connector (Figure 33) so that the expansion board is at the                
same level as the main board. Obviously, this solution is only available if there is enough                
space in the equipment to add a second board at the same level as the main board. With                  
this choice the limitation in height would be less.  

 

 
Figure 33: Edge connector (ERM8-EM series from Samtec).  
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5.Design proposals and their manufacturing 
costs 

In the previous sections, we have analyzed different configuration options for each critical             
component, we have also estimated the cost for each one, so we can now choose which                
components are the most suitable for each proposed design. Therefore, in this section, we              
will propose several design alternatives, based on the data collected previously. In Table 16,              
we have also included the cost increase of the new preliminary designs (presented below)              
with respect to the current WRS-3/18 switch, expressed as percentage (%) of the production              
cost of the current WRS-3/18 switch. 
In the design proposals, the Xilinx Zynq Ultrascale+ XCZU17EG-1FFVC1760E SoC is           
considered for the new WRS. The choice of this FPGA for the new WRS is described in the                  
document “WRS-4 main board (Hardware Architecture)” (to be published). All the designs            
assume 18 ports. 
 

 

Cost increase percentage 
(%) regarding the current WR 
switch 
(preliminary estimate) 

Comments 

WRS-3/18 0% Current WRS design. 

Option 1: 
WRS-4/18 (Basic 
switch) 

7% 
New WRS with new FPGA and the same 
features (fan, power supply, enclosure) as in 
the previous WRS-3/18 version. 

Option 2: 
WRS-4/18 (Basic 
redundant power 
supply) 

16% New WRS with new FPGA,fixed fans and dual 
power supply (non-hot-pluggable). 

Option 3: 
WRS-4/18 
(redundant & 
hot-pluggable 
with basic 
enclosure) 

47% 

New WRS with new FPGA,and basic enclosure 
with: 
- Hot-pluggable and self-docking fans, with 
separations walls and display 
- Redundant and hot-pluggable power supply 
(compact module) 

Option 4: 
WRS-4/18 (Fully 
featured switch) 

60% 

New WRS with new FPGA and complex 
enclosure with: 
- Self-docking and hot-pluggable fans. 
- Redundant and hot-pluggable power supply 
(independent modules) 

 
Table 16. Cost increase percentage for the proposed options. 
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Option 1: The WRS-4/18 with the same features as WRS-3/18. 
 
Enclosure: Basic option with depth: 221 mm. 
 
Fans: Fixed and non-hot-swappable. 
 
Power supply: Non-redundant and non-hot-swappable. 
 
Board: A single PCB to reduce the cost of assembly and improve the dissipation. 
 
FPGA / ZYNQ:  Zynq Ultrascale+ XCZU17EG-1FFVC1760E. 
 
Figure 34 shows the 3D model of the design. 
 

 
Figure 34: The WRS-4 with the same features as the WRS-3. 
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Option 2: The WRS-4/18 with redundant power but        
non-hot-swappable modules. 
 
Enclosure: Basic option with depth: 310 mm. In this option, a bigger enclosure is necessary               
to include two power supplies. 
 
Fans: Fixed and non-hot-swappable. Configurable airflow direction. 
 
Power supply: Redundant and non-hot-swappable. 
 
Board: A single PCB to reduce the cost of assembly and improve the dissipation. 
 
FPGA / ZYNQ: Zynq Ultrascale+ XCZU17EG-1FFVC1760E.  
 
Figure 35 shows a photo of the Advantech ESP-9110 with the considered type of redundant               
power supplies. 

 
Figure 35: Advantech ESP-9110. 
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Option 3: WRS-4/18 (redundant & hot-swappable fans and        
power supplies with basic enclosure) 
 
Enclosure: Basic option with depth: 310 mm and with the possibility of having             
hot-swappable (self-docking) fans along with redundant and hot-swappable power supplies          
(independent modules). The design includes sheets used as walls defining a separate            
airflow for PSU, expansion module and main board.  
 
Fans: Hot-swappable and self-docking with simple bracket and without PCB (3 fans            
module). Configurable airflow direction. 
 
Power supply: Redundant and hot-swappable (compact module, Figure 17) with          
semi-standard size (three or more different manufacturers have been found to have the             
same width and height dimension for this type of compact module PSU). 
 
Board: A single PCB to reduce the cost of assembly and improve the dissipation. In this                
case the PCB edge will reach the back panel (depth: 310 mm), so that the fan connector on                  
the main board connects with the hot-swappable module. Possibility of expansion board            
and/or LCD module, although the use of displays is not common in commercial switches.  
 
FPGA / ZYNQ: Zynq Ultrascale+ XCZU17EG-1FFVC1760E.  
 
Figures 36, 37 and 38 show images of this option. 
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Figure 36: Redundant and hot-swappable fans (self-docking) and PSU with basic enclosure 
(isometric views). 
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Figure 37: Redundant and hot-swappable fans (self-docking) and PSU with basic 

enclosure (top and front views). 
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Figure 38: Detail images of the separation walls with openings for expansion connector 
(above) and PSU wiring (below). 
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Option 4: The fully featured WRS-4/18. 
 
Enclosure: Complex design to contain hot-swappable fans and power supplies.  
 
Fans: Redundant and hot-swappable. Configurable airflow direction. 
 
Power supply: Redundant and hot-swappable (two units). 
 
Board: A single PCB to reduce the cost of assembly and improve the dissipation. In this                
case the PCB edge will reach the back panel (depth: 310 mm), so that the fan connector on                  
the main board connects with the hot-swappable module. 
 
FPGA / ZYNQ: Zynq Ultrascale+ XCZU17EG-1FFVC1760E.  
 
Figure 39 shows a photo of the Arista DCS-7150S-24 switch that is very similar in terms of                 
features to the fully featured WRS-4. 
 

 
Figure 39: Arista DCS-7150S-24 switch. 
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6.Conclusions 
 
Based on the provided study and the four different options proposed (section 5), Seven              
Solutions recommends the option 3. This solution meets the main requirements of CERN             
and suggestions from the WR Community, and it has a good price-features ratio. In addition,               
it includes the possibility of adding an expansion board in order to improve performance of               
the switch (e.g., a high performance low noise OCXO), and adding an LCD screen which               
was pointed out as nice to have by CERN. 
 
The main disadvantage of option 3 is the PCB shape which is not optimal since this “T”                 
shape could carry an extra cost due to the panelization of PCB boards as explained in                
section 4.6. 
 
Concerning the enclosure, the relationship between complexity and functionalities in the           
recommended option 3 is the most optimal among all the options. This is because it allows                
many desirable features, such as hot-swappable elements (fans and power supply module)            
and optional expansion board and LCD screen, still keeping a medium complexity of the              
enclosure. In order to achieve this, a simple fan bracket (with 3 fans) has been designed                
allowing to have self-docking hot-swappable fans with minimal increase of complexity. This            
solution also allows an easy configuration of airflow direction. Other options are more             
expensive solutions with the same number or less features. 
 
Moreover, option 3 includes the compact power module which is the best option since its               
connector is standard and  a common dimension for a few manufacturers has been found.  
 
It is important to note that the design presented for option 3 is a preliminary design that will                  
evolve and improve  during the design stage to ensure the system manufacturability. 
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Annex I. Switches Comparison. 

Table I.1 - Switches comparison with list of the main features of several popular switches  
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