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1. Introduction 
 

The main goal of this report is to propose and describe a possible architecture and its                
components (FPGA, CPU, memories, clocking circuitry, interfaces… ) for the main board of             
the new White Rabbit Switch 4.0. For this, we are going to choose the most suitable options                 
for the required features, providing a future-proof solution. Along with this report, we have              
also produced another complementary document: “Study on the new hardware features for            
the WRS-4/18”. In that study, we have focused on the hardware features which are not on                
the main board (i.e. ac-dc power supply, fans, enclosure, external interfaces…). It is             
important to highlight that some of these hardware features can determine the architecture of              
the main board that we are going to describe in this document. 
 

First of all, in section 2, the inputs related to FPGA, CPU, clocking resources..., that               
were collected from the WR community are listed to make sure that the choices are aligned                
as much as possible with the wishes and suggestions from the WR users.  
 

After that, in section 3, an in-depth analysis of the main design choices are made for                
the components of the system (CPU, FPGA, memory, clocking resources…), taking into            
account the architecture requirements, design complexity and cost of the components. 
 

Finally, a design proposal is provided in section 4, where the chosen main             
components for the architecture are presented with its cost estimate. As a summary of all               
sections,  a preliminary component list for the new WRS-4 is prepared. 
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2. 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 FPGA resources, CPU performance, memory and clock distribution. Other            
aspects (interfaces, power supply, fans and PCBs) are listed in the document “Study on the               
new hardware features for the WRS-4/18” [RF.4]. 

 
 
The following tables 1, 2, 3 and 4 provide guidelines for:  

● FPGA resources, number of ports and speed (Table 1). 
● CPU performance and memory system (Table 2). 
● Clock distribution and oscillators  (Table 3). 
● Miscellaneous (internal connectors, certifications, hardware monitoring) (Table 4). 

 
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. 
● [RF.3] -  White Rabbit clock synchronization: ultimate limits on close-in phase noise 

and short-term stability due to FPGA implementation. 
● [RF.4] - Study on the new hardware features for the WRS-4/18. 
● [RF.5] - lpGBT – a User’s Perspective and LpGBT-FPGA 

 
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 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 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. 

 
NOTE: LpGBT (Low Power GigaBit Transceiver) [RF.5] is a project that provides a             
65nm-CMOS radiation tolerant serializer/deserializer ASIC to be used in front-end          
electronics under radiation, referred to as LpGBT ASIC. It also provides FPGA cores for the               
back-end counterpart of the ASIC to be used outside radiation, referred to as LpGBT FPGA.               
The LpGBT ASIC & FPGA offer a set of encoding/decoding schemas for transfer of              
high-bandwidth data and allow to transfer reference frequency (clock signal). The new WR             
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https://indico.cern.ch/event/697988/contributions/3075493/attachments/1720215/2776778/lpGBTtutorialTwepp20180921.pdf
http://lpgbt-fpga.web.cern.ch/doc/html/


 
switch could be used as the back-end for distribution of data and clock reference to the                
radiation areas. 
 
 

ID Type Description Comment  Source 

FPGA-1 FPGA 
resources 

The FPGA of the new WRS-4 should have at least the following            
hardware resources: 
                         - LUTs:   350k  
                         - FFs:     600k 
                         - BRAM: 860 blocks 
NOTE: It is important to clarify the needed resources requirement for the            
FPGA, since we must ensure that it provides sufficient resources. In this            
regard, we use the report prepared by Creotech. This report provides           
information about utilization of FPGA resources for the the WRS-3 switch           
gateware design ported to the Zynq Ultrascale+ MPSoC        
XCZU11EG-1FFVC1156E in 4 variants:  

1) 1Gb ports & no extra features;  
2) 1Gb ports and redundancy features;  
3) 10Gb ports and no extra features;  
4) 10Gb ports and redundancy features.  

According to this report, the worst-case scenario in terms of resources           
utilization will be when the switch has 10GbE links and redundancy           
features (data and timing). In order to ensure that the WRS-4 is a             
future-proof design capable of implementing new features, we set the          
following criterium for the FPGA choice: the worst case scenario whose           
utilization of FPGA resources is 210k LUT, 198k FF, 517 BRAM           
(post-implementation report), should take less than 70% of FPGA         
resources (ideally 50-60%). In other words, the FPGA should have at           
least 350k LUTs, 600k FFs and 860 BRAM blocks and of course            
minimum 18 ports. 

Yes,  
Sec. 3.2 

[RF.2], 
Additional 

FPGA-2 FPGA ports 
number 

The chosen FPGA must have at least 18 ports. Yes  
Sec. 3.2 

[RF.2]. 
 

FPGA-3 Speed and 
Backward 
compatibility 

The FPGA should support: 
   - 1GbE (backward compatibility with the current generation of WRS-3 
and nodes)  
   - 10GbE (in order to have at least two higher-bandwidth "uplink" ports). 
 

Yes  
Sec. 3.2 

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

Table 1. FPGA 
 
 

ID Type Description Comment  Source 

CPU-1 CPU type The CPU of the WRS-4 should be at least an ARM dual core processor              
with 1.2 GHz. 

Yes,  
Sec. 3.2 

Additional 

CPU-2 CPU 
memory 

The memory system of the WRS-4 shall be composed of: 
                - DDR4 (2 GB, 32-bit bus). 
                - Quad-SPI (2 x 1Gb). 
                - SD (8 GB and Industrial range). 
                - eMMC (4 GB and Industrial range). 

Yes  
Sec. 3.3 

Additional, 
[RF.2] 

Table 2. CPU 
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ID Type Description Comment  Source 

CLK-1 Oscillators type The oscillators for the main loop and DMTD should be VCXOs with low phase              
noise. 

Yes,  
Sec. 3.4 

Additional 

CLK-2 Modular design 
of the clock 
distribution 

The design should be more modular, housing different kinds of oscillators. 
 

Yes  
Sec. 3.4 

[RF.2] 

CLK-3 Oscillator board The design should have the possibility to mount “oscillator/clock board”, to allow            
better oscillator OCXO and DDS for lpGBT. The oscillator board can be            
considered a type of the more generic module extension discussed in MIS-5            
(Table 4). 
Note: 
- The idea is to instantiate the lpGBT FPGA (slide 54, [RF.5]) module to allow               
sending data from WR switch (in non-radiation zone) to end nodes that use the              
lpGBT ASIC (in radiation zone). 

- The lpGBT link would be used to transmit: data and reference clock (encoded               
into data). The reference clock would be synthesized in DDS (module extension,            
e.g. FMC board) using RF over WR coming from WR uplink (i.e. one or more               
ports of the WRS would speak WR, be synchronized to GM and receive RF data,               
the other ports would speak lpGBT). 

Yes  
Sec. 3.4 

Additional,
[RF.5] 

CLK-4 Low-jitter 
daughter board 

The WRS-4 should include improvements from the LJD board. Yes  
Sec. 3.4 

[RF.2] 

CLK-5 Time - frequency 
transfer 
performance 

* The system ADEV should be better than (ADEV with measurement bandwidth: 
50 Hz): 
         ADEV (1s) < 2E-12 (GrandMaster) 
         ADEV (10s) < 2E-13 (GrandMaster) 
         ADEV (1s) < 3E-12 (Boundary) 
         ADEV (10s) < 3E-13 (Boundary) 
 
* The system Jitter shall be better than: 
        Jitter: < 3 ps RMS (1 Hz - 100 kHz) 
        Jitter: < 2 ps RMS (10 kHz - 20 MHz) 

Yes  
Sec. 3.4 

Additional, 
[RF.3] 

CLK-6 5 MHz main 
frequency for 
the GrandMaster 
mode. 

The WRS-4 should use 10 MHz or 5 MHz as main frequencies for the              
GrandMaster mode. 
NOTE: NMIs (National Measurement Institute) may also use 5 MHz as their time             
scale main frequency. If simple to implement, it would be great to support 5 MHz.               
Today we use a frequency doubler, which adds noise, ambiguities and points of             
failure. Another common frequency is 100 MHz, maybe not on time scales, but             
found on masers. Serious time transfer studies are done on good clocks. 

Yes  
Sec. 3.4 

[RF.2] 

CLK-7 Support of 1G 
and 10G 
transceivers 

The WRS-4 should support 1 Gigabit and 10 Gigabit transceivers in a mixed             
scenario with different recovered clock frequencies: 

- 62.5/125 MHz for 1 G 
- 156.25 MHz for 10 G 

Yes  
Sec. 3.4 

Additional 

CLK-8 GM clocking 
without the 
«glitching 
technique» 

The Grandmaster 10 MHz clocking without the «glitching technique» used in           
WRS-3. Two solutions: 

- Deterministic 10 MHz -> 62.5/125 MHz clock multiplying with 1-PPS          
sync and let the SoftPLL align to it. 

- Deterministic clock multiplying with direct clocking of the design         
(SoftPLL disabled, might be risky). 

Yes  
Sec. 3.4 

Additional 

Table 3. Clock distribution and oscillators 
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ID Type Description Comment  Source 

MIS-1 JTAG 
connector 

The WRS-4 should include a JTAG connector for Xilinx programming          
during debugging. 

Yes,  
Sec. 3.5 

Additional 

MIS-2 Module 
extensions 

The WRS-4 should include an internal connector for module extensions. 
This feature will be useful for including in the new WRS-4 new boards             
which will update or improve the performance of the switch. This           
connector will include generic I/O pins connected directly to the FPGA,           
power pins as well as clock distribution circuit. As such, as commented in             
[RF.4], the new expansion board can be used for replacing internal           
default oscillator on the main board by a better one or adding a stable low               
phase noise oscillator for holdover (oscillator board, see CLK-3 in Table           
3).  
Specifically, for this expansion connector, a possible pinout can be: 

● 32 differential pairs (generic I/O pins). 
● 4 GTH transceivers. 
● 2 clock pairs (FPGA global clocks and MGT clocks).  
● At least 1 clock pair should be connected to the clock distribution            

(main PLL). 
● I2C bus. 
● Power rails (12V, 5V, 3.3V, 2.5V and GND). 

Yes,  
Sec. 3.5 

Additional 

MIS-3 Certifications The WRS-4 shall meet safety, electromagnetic compatibility, health and         
environmental protection requirements described by the CE, FCC and         
RoHS certifications. 

Yes Additional 

MIS-4 Components: 
grade and 
obsolescence 

- The chosen components shall be industrial-grade. In the case of the            
FPGA, chosen speed and temperature grades shall be -1E.  
- The WRS-4 shall use components with stated long-term production. 
 
NOTE: If any customer wants a new grade, the manufacturers could offer            
to solder another device, because the footprint will be the same. 

Yes,  
Sec. 4 

[RF.1] 

MIS-5 Hardware 
monitoring 
and buttons 

The WRS-4 should include: 
- Thermometer and semi-unique ID provided by the Zynq. Another 
possibility could be a true unique id e.g. by using a EEPROM I2C 
memory. 
- Power supply voltages and current monitoring. 
- Buttons: 1 user button, 2 reset buttons (Logic and ARM resets) 

Yes Additional 

Table 4. Miscellaneous 
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3. Analysis of the main design choices. 
This section describes different design choices that had to be made. It takes the              

current WRSv3 design as a starting point (section 3.1). First, it investigates technical details,              
prices and pros/cons of three different CPU/FPGA architectures: ARM+FPGA on the same            
PCB, CPU on Module + FPGA, SoC (section 3.2). It then considers different memory options               
for the CPU (section 3.3), clocking solutions (section 3.4) and interfaces (section 3.5), all of               
which are independent from the CPU/FPGA architecture choice. Additionally to providing           
different considered options, this section includes recommendations of choices for the final            
WRSv4 architecture. This final architecture is summarized in section 4. 

3.1. Components of the WRS. Version 3 as a starting point. 
 

First, as a reference for the design of a new White Rabbit switch (WRS-4), the main                
components which are part of the WRS-3 are shown in Figure 1. This current version of the                 
White Rabbit Switch (WRS-3/18) has an FPGA (Virtex-6 LX240T) and an ARM processor             
(AT91 SAM9G45). The communication between both components is performed through the           
External Bus Interface (EBI) which is an ARM parallel bus that handles even data transfers               
with an external NANDFlash.  
The ARM processor has the following types of memory: 

- DDR2 (64 MB). 
- Data Flash (8 MB). 
- NAND Flash (256 MB). 

and interfaces: 
- Mini-USB. 
- Ethernet (10/100). 
- USB UART. 

In terms of the components / interfaces connected directly to the FPGA, it includes: 
- 18 x SFP ports. 
- USB UART. 
- 5 SMC connectors: 

- 10 MHz frequency input. 
- 10MHz frequency output 
- 62.5 MHz frequency output. 
- 1xPPS Input. 
- 1xPPS Output. 

- Clocking resources: 
- DMTD: 1x 25MHz VCXO controlled by DAC with SPI interface (AD5662,           

used to drive CDCM61002 generator). 
- Main loop: 1x 25MHz VCO controlled by DAC with SPI interface (AD5662,            

used to drive AD9516 PLL generator) 
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Figure 1. WRS-3/18 block diagram. 
 
 
We also show the features and approximate cost of the WRS-3 main components             

(Table 5). The components that we have included in this table are the components              
associated with the CPU (memory and ethernet interface) that will change in each of the               
proposed architectures in Sections 3.2. This information will guide us to choose the             
appropriate elements for the new WRS-4 version. 
 

Table 5 also includes the utilization of FPGA resources in the current WRS             
implementation. This information will be useful in the following sections where we will choose              
the new FPGA that will be integrated into the new WRS-4. 
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Component Features Cost 

AT91SAM9G45C (ARM) 
7M-12.000MAAJ-T (Crystal) 
ABS09-32.768KHZ-T (Crystal) 

1-Core, 32-bits, 400 MHz 12 $ 
1 $ 
1 $ 

LAN8720A-CP (Ethernet transceiver) 
TR_H1260NL (Transformer) 
FNETHE025 (Oscillator) 

RMII, 10/100 Ethernet Transceiver 2 $ 
5 $ 
1 $ 

AT45DB641E (DataFlash) DataFlash (64-Mbit)  5 $ 

MT29F4G16ABBDAHC (NANDFlash) NAND Memory IC 4Gb (256MB) 7 $ 

MT47H32M16HR-25E (DDR2 Memory) SDRAM - DDR2 Memory IC 512Mb (32MB x 16) 9 $ 

Passive components, 
connectors, buttons... 

 ~ 20 $ 

  Total: 63 $ 

XC6VLX240T (FPGA) 

 Total Used in the current WRS 
implementation The price 

of the 
FPGA used 
in WRS-3 
cannot be 
provided . 1

LUT 150 K 92 K 

FF 301 K 78 K 

BRAM 14.9 Mb 8.4 Mb 

Table 5. Main components of the WRS-3. 
 

For the new version (WRS-4), the main idea is to design a new device that will be an                  
update of the previous features of the WRS-3, including the latest technology and all              
improvements made in WR systems in recent years (e.g. Low Jitter Daughterboard).            
Moreover, taking into account the current technologies in the market, there are different             
architectures with an FPGA and a CPU which can be considered. These different options will               
be analyzed below in the next Section 3.2, mainly paying attention to key aspects such as                
cost, performance and complexity. 
 
 
 
 
 
 
 

1 Prices of new FPGAs considered for the WRS-4 are referred to this price. Such a reference can                  
illustrate potential increase in the overall cost of the switch without disclosing pricing of the               
components. The prices of considered FPGAs are expressed in percentage of price increase, i.e. if X                
is the price of the FPGA for WRS-3, Y is the price of a new FPGA, the provided value is (Y-X)/X [%]. 
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3.2. CPU/FPGA architecture and component choice 
In this section, an in-depth analysis of the main components (FPGA and CPU) is              

made, evaluating which architecture is the most appropriate choice to meet the main             
requirements of CERN and suggestions from the WR Community. Once we have chosen the              
main components, we will determine the memory system, clocking resources and other            
components that will be integrated into the new WRS-4. 

 

3.2.1. ARM + FPGA on the same PCB 
 

This first option is quite similar to the WRS-3 architecture with both devices (ARM              
and FPGA) on the same PCB, but in this case we can use the PCIe as a communication                  
bus between the FPGA and the ARM. Figure 2 shows a simplified block diagram of this                
option. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. ARM + FPGA on the same PCB. 

In order to compare the different architecture options which will be described below,             
we must choose equivalent CPUs in terms of performance for all of them. In Section 3.2.3,                
we will analyze the possibility of using Zynq Ultrascale+ devices that already include an ARM               
Cortex-A53. In the case presented here, where we have an independent ARM, we should              
keep in mind that there are many CPU options in the market, but as a first approach, we                  
have also chosen an ARM Cortex-A53 (see Table 8) with similar performance to that given               
by the ARM integrated into the Zynq Ultrascale+ devices. This CPU fulfills CERN             
requirements and suggestions in Table 2. 
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In the case of the FPGA, as stated before in Table 1 (FPGA-1), the chosen FPGA                

should have at least 350k LUTs, 600k FFs and 860 BRAM blocks. Therefore, with this               
requirement in mind, we can affirm that the Xilinx KU060, KU095, KU13P and KU15P              
devices that belong to the Kintex ultrascale / ultrascale+ families, have the needed features              
(Table 6) for the new WRS-4 with a moderate cost (Table 8).  

 
Note: Intel FPGAs were also considered, while being comparable in terms of price and logic               
resources, Intel FPGAs/SoCs were discarded due to their 32bit CPU architecture and limited             
experience/knowledge base of Intel-based WR developments. For simplicity, Intel FPGAs          
are not included in the comparison.  

Table 6. Xilinx Kintex UltraScale/UltraScale+ FPGA Feature Summary (DS890). 
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In addition to the needed hardware resources, it is important to note that some of the                

devices (KU060, KU095 and KU15P) mentioned above can share the same footprint            
(A1156) providing a migration path that enables users to migrate designs from one device to               
another (Table 7). 
 

 
 
Table 7. UltraScale Architecture Migration Table. 
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Table 8 shows the FPGA prices, moreover we have included the extra components             

such as memories and ethernet transceivers as well as their price, in order to be compared                
with the other architectures evaluated. 
 

Component Features Price 

LS1043ASN7PQB (ARM) 
ABM3B-8.000MHZ (OSC) 

ARM Cortex-A53, 4 Core, 64-Bit 1.4GHz 68 $ 
  1 $ 

MT40A512M8 (DDR4, 4x 
modules) 

2 GB DDR4 SDRAM 36 $ 

MT29F4G08ABBDAH4 
(FLASH - NAND) 

FLASH - NAND Memory IC 4Gb (512M x 8) 10 $ 

Card Connector SD 
SFSD8192L3BM1TO  
SD memory 

SD Memory Card Connector 
Memory Cards Industrial SD Card (8 GB) 

 6 $ 
 21 $ 

KSZ9031MNXIC-TR (ETH 
transceiver) 
H5007NL (Transformer) 
7M-25.000MAAJ-T (Osc) 
RJSBE5381C1 (RJ45) 

RGMII, 10/100/1000 Ethernet Transceiver 
 

 4 $ 
 

 7 $ 
 1 $ 
 2 $ 

Passive components, 
connectors, buttons... 

 ~ 25 $ 

  Total: ~181 $ 

FPGAs LUT 
(% utilization 

for 
worst-case 
scenario) 

FF 
(% utilization 

for worst-case 
scenario) 

BRAM  
Mb / Blocks 

(% utilization for 
worst-case 
scenario) 

UltraRAM  
Mb / blocks 

(% utilization for 
worst-case 
scenario) 

Cost increase 
percentage 

(%) with 
respect to the 
FPGA of the 

WRS-3. 
(+ 35 units) 

XCKU060-1FFVA1156C 331K (63%) 663K (30%) 38 / 1080 (47%) - 0 % 

XCKU15P-1FFVA1156E 523K (40%) 1045K (18%) 34.6 / 984 (52%)  36.0 / 128  (0%) 84% 

Resources utilization for the 
worst-case scenario, See 
Table 1, FPGA-1) 

210K 198K          - / 517 -  

Table 8. Main components of the WRS-4 with the ARM and FPGA integrated into the main board. 
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https://www.digikey.com/products/en?mpart=RJSBE5381C1&v=664


 
Finally, the following list shows the pros and cons of this architecture: 

 
● Pros: 

○ This option is slightly cheaper than the others. See section 3.2.4 
○ Fully open design. There are no extra modules (closed designs) as in Section             

3.2.2. 
○ It is easier to migrate to CPU/FPGA devices from other manufacturers than            

original (CPU and FPGA are independent) compared with Section 3.2.3          
(SoC). 

○ Good migration path for some footprints of the FPGA. There are more options             
to migrate designs from one device or family to another, compared to Section             
3.2.3 (SoC). 

 
● Cons: 

○ Requires custom software support package and SW development.  
○ Requires custom CPU-FPGA communication. 
○ More complex PCB design and more expensive BOM than a system based            

on Zynq devices (for similar performance). 
 
 

3.2.2. CPU on Module + FPGA 
 
In this option, the idea is to have: 

- a main board with the FPGA, SFP+ ports, clocking resources and management            
interfaces and expansion connector. 

- a CPU on module which will be on a separate PCB.  
 
In the market there are many CPUs on modules that can be used and that meet                

standard form factors, such as Qseven, COM Express and SMARC. These standard            
modules usually include interfaces such as PCIe, Gigabit Ethernet, SPI, I2C, GPIO… .             
Moreover, there is a PCB project on the Open Hardware Repository (ohwr.org) that is              
compliant with COM Express basic Pin-out type 6. It could serve as a reference design.               
Figure 3 shows the interfaces for this kind of module. 
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Figure 3. COM Express Type 6. 
 
 

Table 9 shows different commercial modules (COM Express, QSeven and SMARC)           
that could be used in this option for the new WRS-4. In this table, all modules have PCIe                  
ports that can be used to communicate with the FPGA. Moreover, for this architecture we               
can use the FPGAs included in Table 8. It should be noted that in this case the necessary                  
extra components (memory and ethernet transceivers) are already included in the different            
modules. 
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Form Factor Modules Features Price 

COM Express  
 
Extra components 
needed for the 
WRS-4: 
* 1 DDR3L sodimm 
module (30 €) +  
* COM Express 
and Ethernet 
Connectors and 
transf. (20€) 

Conga-TCA4/N3160 
 
 
 
 

COM Express Type 6 Compact module with Intel 
Celeron N3160 quad core processor, 1.60GHz 
(2.24GHz Turbo), 2MB L2 cache and 1600MT/s dual 
channel DDR3L memory interface.  
 

250 $ 
+ 

50 $ 

cExpress-AL-N3350 COM Express Type 6 with Intel Apollo Lake Pentium 
N3350. 1.1 GHz. DDR3L memory interface. 
 

240 $ 
+  

50 $ 

34008-0408-11-2 COM Express Mini Type 10 WITH Intel Atom E3900. 
Up to 8 GByte DDR3L. 

253 $ 
+ 

20$ 
(it 

includes 
DDR 

modules) 

QSEVEN 
 
Extra components 
needed for the 
WRS-4: 
* QSEVEN and 
Ethernet 
Connectors and 
transf. (20€) 

QMX6/DCI-1G 
eMMC4 

FREESCALE IMX6 DUAL ARM Cortex A9 1GHz. 
RAM: 2GB. eMMC: 4GB. 

156 $ 
+ 

20 $ 
 

QA3/J1900-2G Qseven module with Intel Celeron J1900 quad core 
processor with 2.0 GHz, 2MB L2 cache, 2GB 
1333MT/s DDR3L onboard memory 

246 $ 
+ 

20 $ 

 SMARC 
 
Extra components 
needed for the 
WRS-4:component
s: 
* SMARC and 
Ethernet 
Connectors and 
transf. (20€) 

RM-N8M-D308 NXP ARM Cortex -A53 i.MX 8M Dual 1.5GHz, 3GB 
LPDDR4, 8GB MLC eMMC onboard 
 

203 $ 
+ 

20 $ 

SA5/N3350-4G 
eMMC32 

COM SMARC 2.0 module with Intel Celeron N3350 
dual core processor with 1.1GHz core frequency up 
to 2.3GHz, 2MB L2 cache, 4GB 1600MT/s DDR3L 
onboard memory and 16GB eMMC onboard flash. 

238 $ 
+ 

20$ 

Table 9. CPUs on Module. 
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https://www.mouser.com/ProductDetail/congatec/conga-SA5-N3350-4G-eMMC32?qs=sGAEpiMZZMvC%252BqZcysgiiPL%2FAylMzmtD1MqSpM0OF7URU27nvoGF6Q%3D%3D


 
Due to the large number of existing CPUs on modules in the market, the obvious               

question is: which form factor to choose? In order to try to answer this question we could                 
take into account the following points: 
 

- Processor architecture: 
COM Express does not address the need to integrate ARM processors and instead             
remain within the x86 ecosystem. Qseven and SMARC are designed to support x86             
and ARM technologies. 

- Connector type (standard): 
The COM Express standard was first released in 2005 by the PCI Industrial             
Computer Manufacturers Group (PICMG). SMARC and Qseven are specifications         
published by the Standardization Group for Embedded Technologies (SGET).  

- Performance and Interfaces: 
SMARC and Qseven have less interfaces than COM Express. Furthermore, SMARC           
and Qseven don't offer as much performance as COM Express. SMARC and Qseven             
are specifically designed for the development of extremely compact low-power          
systems. The maximum power consumption should be no more than 12 watt. 

 
In view of the above and mainly due to the fact that the COM Express standard has a                  

wider industrial use than other options, we consider that COM Express is the most suitable               
option in case of choosing the option “CPU on Module + FPGA” for the new WRS-4. 
 
As in the previous option, the following list shows the pros and cons of this architecture: 

● Pros: 
○ Standard form factors. Many manufacturers and options (ARM or x86). 
○ It allows using different CPUs and modules without changing the main board.  
○ It avoids many problems and saves time during PCB design. Most peripherals            

for CPU are already on the board. 
○ The main board design is simpler than in other architectures. 
○ Standard interface between CPU and FPGA. 
○ Board Support Package from CPU board vendor. 

 
● Cons: 

○ This option is more expensive than the others. See section 3.2.4. 
○ In practice, the possibility of using different CPUs/FPGAs might incur too           

large development overhead to be exercised. 
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3.2.3. SoC (ARM + FPGA) 
 

In this last option, we will consider the use of Xilinx Zynq UltraScale+ MPSoCs              
devices. Fundamentally the Zynq device is a multicore processor with the capability to             
extend its functionalities using customised hardware. This is achieved through a combination            
of an industry-standard multicore processing platform (ARM) that is fully integrated alongside            
programmable logic (FPGA), connected directly to the processing system through an           
optimised AXI bus interface. Figure 4 shows a simplified block diagram of this option. As can                
be seen in this figure, we now have a modified version of Figure 2 where the FPGA and the                   
ARM are integrated into the same device (Zynq), simplifying the design and communication             
between both elements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. ARM + FPGA into the same device: Zynq Ultrascale+. 

 
 
Before choosing an appropriate Zynq Ultrascale+ device for the new WRS-4, it is             

important to remember the selection criteria for the FPGA described in detail in Table 1               
(FPGA-1): the FPGA should have at least 350k LUTs, 600k FFs and 860 blocks of BRAM                
and minimum 18 ports. Therefore, with these conditions and seeing Table 10, we can affirm               
that the devices that have the needed hardware resources are the ZU15EG, ZU17EG and              
ZU19EG.  
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Table 10. Zynq UltraScale+ MPSoC: EG Device Feature Summary (DS891). 
 
In addition to the needed hardware resources, we must consider other features that             

may help us determine what device is the most suitable for the WRS-4. Thus, taking into                
account other features such as cost, compatible footprint with other UltraScale devices,            
interfaces... we will analyze below the suitability of each candidate device: 
 

● ZU15EG: 
○ As can be seen in Table 10, this device has 24 GTH transceivers, with a               

maximum data rate of 16.3 Gb/s that is enough for the new WRS-4. 
○ It is at the edge of the ideal FPGA resources (Table 1) and provides no               

migration path to bigger FPGA (it is the biggest in the footprints C900 and              
B1156, see Table 11). These two issues make it the least favourable choice. 

 
● ZU17EG: 

○ According to Table 11, this device with the footprint FFVC1760 has 32 GTH             
transceivers (16.3 Gb/s) and 16 GTH transceivers (32.75 Gb/s). Therefore,          
this device (XCZU17EG-1FFVC1760E) meets the port number required for         
the new WRS-4 and it also provides the possibility of having 25 GbE ports, as               
suggested in Table 1 (INT-4) of the document “Study on the new hardware             
features for the WRS-4/18” [RF.4]. 

○ As can be seen in Table 10 and Table 11, this Zynq Ultrascale+ device              
(XCZU17EG-1FFVC1760E) meets the selection criteria established by the        
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worst-case scenario. Although the BRAM memory usage reaches 65%, the          
final implemented architecture can take advantage of the UltraRAM         
(architecture to evaluate the utilization of FPGA resources in the study used            
only BRAM memory). Distributing the required internal memory between both          
types of memory (BRAM and UltraRAM), the memory usage would amount to            
32%. 

○ According to Table 11, the footprint FFVC1760 is a suitable choice, since it             
provides a migration path that enables users to migrate designs from one            
device to another (ZU11EG, ZU17EG and ZU19EG).  

● ZU19EG: 
○ As can be seen in Table 10 and Table 11, this Zynq Ultrascale+ device              

(XCZU19EG-1FFVC1760E) meets the selection criteria established by the        
worst-case scenario with substantial and superfluous overhead. 

○ As mentioned above and according to Table 11, if more FPGA resources are             
needed for new features and the PCB design is based on the FFVC1760             
footprint, we can also use the ZU19EG.  

 
Therefore, we conclude that the device XCZU17EG-1FFVC1760E is the most          

suitable for the WRS-4 and the device XCZU19EG-1FFVC1760E could be used without            
changing the PCB, if we need more FPGA resources. 

Table 11. Zynq UltraScale+: EG Device-Package Combinations and Maximum I/Os (DS891). 
Finally, in Table 12, we show the price for each Zynq device and the prices of the                 

extra components such as memories and ethernet transceivers, to be compared with the             
other architectures evaluated. 
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Zynq UltraScale+  Features Price 

Processing System Quad-core ARM Cortex-A53 MPCore up to 1.5GHz 
Dual-core ARM Cortex-R5 MPCore up to 600MHz 
(Common features for all devices) 

See the 
Programmable logic 

cells below 

Programmable Logic 
(Several Devices) 

LUT 
(% utilization for 

worst-case 
scenario) 

FF 
(% utilization 

for worst-case 
scenario) 

BRAM  
Mb / Blocks 

(% utilization for 
worst-case 
scenario) 

UltraRAM  
Mb / blocks 

(% utilization for 
worst-case 
scenario) 

Cost increase 
percentage (%) with 

respect to the FPGA of 
the  WRS-3. 

(from 35 units) 

XCZU15EG-1FFVB1156E 341K (61%) 682K (29%) 26.2 / 744 (69%) 31.5 / 112  (0%) 60% 

XCZU17EG-1FFVC1760E 423K (49%) 847K (23%) 28.0 / 796 (65%) 28.7 / 102 (0%) 94% 
(special price: -8%)  

XCZU19EG-1FFVC1760E 523K (40%) 1045K (19%) 34.6 / 984 (52%) 36.0 / 128 (0%) 114% 

Resources utilization for 
the worst-case scenario, 
See Table 1, FPGA-1) 

209K 197K          - / 517 -  

Other Components Features Cost 

MT40A512M8 (DDR4, 4x 
modules) 

2 GB DDR4 SDRAM 36 $ 

MT25QL01GBBB8ESF 
(Quad-SPI Flash) 

FLASH - NOR Memory IC 1Gb (128M x 8) SPI 133MHz 16-SO 12 $ 

Card Connector SD 
SFSD8192L3BM1TO SD 

SD Memory Card Connector 
Memory Card Industrial SD Card (8 GB) 

 6 $ 
 21 $ 

IS21ES04G-JCLI 
eMMC flash 

FLASH - NAND (MLC) Memory IC 32Gb (4G x 8) eMMC 200MHz 
153-VFBGA (11.5x13) 

10 $ 

KSZ9031MNXIC-TR (ETH 
transceiver) 
H5007NL (Transformer) 
7M-25.000MAAJ-T (Osc) 
RJSBE5381C1 (RJ45) 

RGMII, 10/100/1000 Ethernet Transceiver 
 

 4 $ 
 

 7 $ 
 1 $ 
 2 $ 

Passive components, 
leds, buttons... 

 ~ 25 $ 

Total without Zynq device:  ~ 125 $ 

Table 12. Main components of the WRS-4 using the Zynq device. 
 
 
As in the previous options, the following list shows the pros and cons of this architecture: 

● Pros: 
○ Single-chip integrated processor and programmable logic solution reduces        

design complexity and soldering process. 
○ Internal interface between CPU and FPGA: 
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■ Simple communication (AXI bus) between the FPGA and the ARM. 
■ Easier design of PCB. 

○ Already existing experience with Xilinx Zynq from the SPEC7 board that uses            
a Xilinx Zynq-7000 device. 

○ Software support from SoC vendors. 
 

● Cons: 
○ Strong vendor lock-in. 

3.2.4. Recommendation of the CPU/FPGA architecture 
In the previous sections, three different options have been presented, now in this             

section we will select the option that best meets the requirements of the new WRS-4. In                
order to perform a definitive comparison between the different options, in Table 13 we have               
selected specific devices for the FPGA and the CPUs, using the data of Tables 8, 9 and 12.                  
As can be seen in Table 13, we have also included the cost increase of these three different                  
options (with new CPU and FPGA) with respect to the WRS-3/18 switch. It is also important                
to note that for option 2 we have chosen a COM Express module basically because it has a                  
wide industrial use with the best performance. 
 

 WRS-3 Option 1 Option 2 Option 3 

Components - ARM and other 
components  
 
- FPGA:  
XC6VLX240T 
 
(see table 5)  

- ARM Cortex-A53 and 
other components  
 
- FPGA: 
XCKU15P-1FFVA1156E 
 
(see table 8)  

- CPU: Conga-TCA4/N3160 
  
 
- FPGA:  
XCKU15P-1FFVA1156E  
 
(see table 9) 

- Other components 
  
 
- Zynq Ultrascale: 
XCZU17EG-1FFVC1760E 
 
(see table 12)  

Cost increase 
percentage (%) with 
respect to the CPU and 
FPGA of the WRS-3 

0% 98% 
 

125% 
 

93% 
5% (special price) 

Table 13. Summary with all the options considered for the WRS-4 and current WRS-3. 
 

First, we discard option 2 because it has higher cost than other options. Option 1 and                
3 have similar costs for the devices XCKU15P-1FFVA1156E and XCZU17EG-1FFVC1760E          
which meet the selection criteria established by the worst-case scenario in Table 1             
[FPGA-1]. Technically option 3 is more appropriate, since: 

- we will have a single-chip (ARM + FPGA) that will reduce the needed components              
and the complexity of the soldering process. 

- it will reduce the design complexity (development time/cost of SW and HW), mainly             
due to the fact that communication between the FPGA and the ARM will be a simple                
internal interface (AXI bus).  

Therefore, we recommend using the SoC architecture with the Zynq Ultrascale+           
(XCZU17EG-1FFVC1760E) . It is important to note that after choosing this device, Xilinx has              
provided a new special offer for this device (see Table 12).  
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3.3. Memory system 
As can be seen in Figure 4, there are different types of memory (volatile and               

non-volatile) which will be included in the system.  
 

First, as already mentioned in the previous section and in Table 2, the main memory               
of the system will be four DDR4 modules (MT40A512M8RH - 4 x 512M x 8-bits) with a total                  
capacity of 2GB. There is also the possibility of using SO-DIMM modules with probably less               
risk of obsolescence but also with less reliability with the connector. 
 

We will include a 64K (8K x 8-bit) I2C Serial EEPROM for storing serial number,               
calibration parameters and other critical data. 
 

Concerning the non-volatile memories, Table 14 shows the pros and cons of the             
different memories that can be integrated into the system.  
 

 eMMC SD card NOR DF NAND SSD (mSATA) format 

Cons - No as robust as SSD 
- Soldered (can not be 
replaced) 
- Write cycle can be slightly 
lower than best SD 

- Quality depends a lot 
on which class 
you buy and also on the 
batch 
- Difficult to find the same 
PN (industry go fast) 
- High quality SD are not 
so cheap (~20€) 

- Small capacity 
- Cost > NAND 

- Need to fully 
erase block to 
rewrite 
- Medium capacity 
- Prone to error 
- Need good 
filesystem 
(UbiFS) 

- Needs SATA controller 
(only Ultrascale) 
- Expensive (30-50€) 
- Takes substantial space 
- Not included onboard CPU 

Pros - Cheap 
- No physical damage like 
SD 
- High capacity 
- Faster than SD  
- Longer longevity* (very 
good SD might be more or 
less equivalent than eMMC) 

- Can be plugged in/out 
- Really easy for the first 
install, test, etc... 
- Very high capacity 

- Highly Reliable 
- High read speed 

- High write speed 
- Cost-per-bit 
 

- Fast 
- Robust 
- Very High capacity 
- Well tested 
- Plug'n'Play using mSATA 
format 

Suggestion We could have rootfs directly 
on eMMC and enable the 
use of standard distribution 
(i.e, CentOS), if needed. 
It should be able to store 
constant log in case of crash 
for post-mortem analysis 
(and no rsyslog or a network 
error). 

From experience, using 
rootfs directly on SD has 
worked but generated 
corruption over time (and 
in case of bad 
shutdown). 
Buildroot with uramdisk 
should be used. 
It is very useful for 
prototyping and for 
testing the device. 

Highly 
recommend to 
implement a 
recovery system. 

It should be 
mainly used as 
readonly which 
means that we 
should continue to 
use uramdisk as it 
has been used in 
WRS. 

The best option if we want to 
go for standard distribution. 

Table 14. Non-volatile memories. 
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Recommendation: 
According to the data presented in Table 14, we recommend that the non-volatile memory              
system will consist of: 

 
- An SD memory card for booting and file system storage, including on the board a               

secure digital input/output (SDIO) interface to an SD card connector.  
- In addition to including an SD memory, it is interesting to have an eMMC memory.               

Therefore, we are going to include footprints for both (eMMC and SD), using the SD               
for development and once stable, we will use the eMMC memory. 

- Dual serial NOR flash Quad-SPI memory (2 x 1Gb) for booting and implementing a              
recovery system. It’s possible to achieve higher performance with two Quad-SPI           
devices connected in parallel to provide an 8-bit data bus. 

 

3.4. Clocking resources 
In this section, taking into account the suggestions included in Table 3, we are going               

to describe a design proposal for the clocking circuitry of the new WRS-4. It has been                
proposed by CERN and includes the latest improvements that have been made to the WR               
technology in recent years.  
 
 
Proposed solution 
 

Figure 5 shows a detailed block diagram of the proposed solution. As can be seen in                
this figure, the main PLL is the HMC7044 that has the following features of interest for the                 
new WRS-4: 

- Possibility to have a mixed scenario (part of the design working with 62.5 MHz              
recovered clock and another part with 156.25 MHz recovered clock, for 1Gbps and             
10Gbps links respectively). 

- Deterministic phase alignment between all output channels, allowing to generate the           
10 MHz output directly from the HMC7044 PLL with SYNC support. 

- Plenty of clock outputs with configurable type (LVDS or LVPECL). 
 

The main oscillator is the DOT050V that has a plastic cover to avoid known problems               
related to the airflow. 

For the helper clock, we propose to use the programmable and tunable oscillator             
Si549 that has already been tested in a WR node and is ideal to support different                
frequencies. 

The 1PPS and Abscal outputs will be latched with D-type FF (with 125MHz or              
250MHz). 

The design will have the possibility to mount an oscillator board (a type of module               
expansion) to allow better oscillator OCXO and DDS for lpGBT. 
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Figure 5. Proposed solution. 

 
The Grandmaster 10 MHz input clock is multiplied by deterministic LMX2594 PLL to             

create a 1-PPS aligned 62.5/125 MHz, thus the SoftPLL of the WR PTP implementation can               
align to it. As such, it is the safest solution in case of loss of the 10 MHz input reference.                    
Another option for the Grandmaster can be to connect the RFU of the HMC7044 directly with                
the LMX2594 in order to clock the system directly with 10 MHz input clock (multiplied to 2.5                 
GHz) and without using the main oscillator DOT050V. The main problem of this last option               
occurs when the input reference is lost, since the system might freeze. The RFU lines of                
HMC7044 can also be connected to the expansion board. 

In terms of additive phase noise and stability, LMX2594 introduces a negligible noise.             
The Modified Allan Deviation (MDEV) with ENBW of 50 Hz is less than 1E-13 at 1s, better                 
than DDMTD by far. 

The suitability of the LMX2594 PLL in terms of determinism over temperature was             
tested by CERN. Temperature characterization was performed for the LMX2594 PLL, the            
LMX2572 PLL (a pin-compatible cheaper version of the LMX2594 PLL), the FPGA (DDMTD)             
and the AD9516-4 PLL (used in the Low Jitter Daughterboardas), for comparison. In order to               
verify the delay variations over temperature of these components, CERN has carried out a              
test where changing the temperature of the component package, the phase difference            
between its input and output was measured.  
Due to lack of a thermal chamber, the components are heated with a hot gun, with these                 
temperatures: 

- Tamb = no airflow. 
- LMX2572 integer/fractional mode = 32 ºC. 
- lmx2594 integer/fractional mode = 45 ºC. 
- ad9516 = 36 ºC. 

- T50 = hotgun set to 50 °C, airflow 40 liters/min. 
- LMX2572 integer/fractional mode = 49 ºC. 
- lmx2594 integer/fractional mode = 51 ºC. 
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- ad9516 = 46 ºC. 

- T90 = hotgun set to 90 °C, airflow 40 liters/min 
- LMX2572 integer/fractional mode = 77 ºC. 
- lmx2594 integer/fractional mode = 80 ºC. 
- ad9516 = 73 ºC. 

The temperature of the component package is measured with a thermocouple. Room            
temperature is equal to 24 °C according to the thermocouple. Given these conditions, in              
Figures 6 and 7, we can observe the phase difference depending on the temperature.  

Figure 6. Phase difference depending on the temperature for the components LMX2572, AD9516-4,             
LMX2594 (integer/fractional mode). 
 
. 
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Figure 7. Zoomed phase difference depending on the temperature for the components AD9516-4,             
LMX2594 (integer/fractional mode). 
 
Finally, in Table 15, we can see the  temperature coefficients for each component under test.  
 

Device Variation in delay through the device 

LMX2572 (integer/fractional) 15-18 ps/°C 

AD9516-4 (also used in LJD) 3 ps/°C 

LMX2594 (fractional mode) 2 ps/°C 

LMX2594 (integer mode) 0.6 ps/°C 

LMX2594 2.5 ps/°C [according to datasheet, unknown 
mode] 

DDMTD (FPGA) 1-2 ps/°C  

Table 15. Temperature coefficients. 
 
Recommendation: 
We recommend the LMX2594 PLL as its delay variation over temperature is acceptable and              
comparable to the DDMTD (FPGA) and the AD9516-4, i.e. < 2.5 ps/°C. The performance of               
the LMX2572 is significantly worse, i.e. 15-18 ps/°C and would cause degradation of the              
overall synchronization performance. The LMX2594 (57€ / 1 unit) is unfortunately more            
expensive than LMX2572 (27€ / 1 unit). Fortunately, LMX2594 and LMX2572 are pin-to-pin             
compatible, so LMX2572 could be used, if price is to be optimized and performance can be                
sacrificed. A cheaper alternative to LMX2572, i.e. LMX2572LP (11€ / 1 unit), shows a similar               
level of performance of LMX2572 with a reduced price. 
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The clocking circuit solution proposed in this chapter will be further evaluated (dedicated             
evaluation FMC board) before recommending it as the final solution for the new WRS-4. 
 

3.5. Interfaces 
Regarding the interfaces included in the front panel of the WRS-4 equipment, we             

should point out that their main features have been described in Section 4.5 of the “Study on                 
the new hardware features for the WRS-4/18” [RF.4]. In that study, we have mainly focused               
on the type, electrical interface and physical integration of these external interfaces in the              
front panel of the WRS-4, ensuring that there is enough room for all connectors. Now, in this                 
section, we are going to describe the features that concern the hardware architecture, its              
performance, components selection and connections. Furthermore, we are going also to           
describe the features of the internal interfaces (expansion connector, power connector,           
display and fans). 
 
Clocking interfaces 

 
In Section 3.4, we have described these clocking interfaces focusing on the features             

of the internal architecture, components and its performance.  
 
 
Management ports 
 

Although the type of management ports and their connectors has been specified in             
Table 1 of the “Study on the new hardware features for the WRS-4/18” [RF.4], in this section                 
we are going to define their possible features, components and connections with the Zynq              
device. For the management ports we will have the following features: 
 

- 1 x SFP port (1 Gb Ethernet) directly connected to the PS-GTR transceivers. These              
PS-GTR transceivers are connected to the processing system (PS ARM) side of the             
Zynq Ultrascale+, supporting data rates up to 6 Gb/s. In this case, the gigabit              
Ethernet controller (GEM) will be configured to support the serial gigabit interface            
1000BASE-LX. 

- 1 x RJ45 port (10/100/1000 Ethernet). The interface with the ARM (through the MIO              
pins) will be RGMII using the transceiver KSZ9031MNXIC-TR. There is also the            
possibility of using a SGMII interface through the PS-GTR  transceivers. 

- 1 x UART RS-232 port over a RJ45 connector. The TX and RX pins will be directly                 
connected to the PS side (through MIO pins) of the Zynq Ultrascale+. 

- 1x mini USB Type B connector for an UART interface through the CP2105 bridge              
controller. Connected to PS UART (from MIO pins) and PL UART (from FPGA pins).  
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SFP+ ports (Data & timing) 
 

The front panel of the new WRS-4 will include 18 double stacked SFP+ connectors              
(one module of 2x4 and another of 2x5 connectors). These SFPs ports will be connected to                
the GTH/GTY transceivers.  

The chosen Zynq Ultrascale+ device (XCZU17EG-1FFVC1760E) has 48 GTH/GTY         
transceivers and the front panel (Figure 28, [RF.4]) has enough space to include at least 2 or                 
4 additional ports. A possible future extension or optional feature could be to add a few more                 
ports depending on the FPGA resources of the final architecture. 
 
 
Expansion connector 
 

As commented in Table 4 - [MIS-2], the WRS-4 will have an expansion connector              
that will be used to integrate boards with new functionalities, such as an oscillator board               
[CLK-3]. In this input [MIS-2], we have also described a possible pinout but we should               
consider other aspects that will determine the type of expansion connector that the WRS-4              
will include. Thus, considering the functionalities which will be included in these expansion             
modules, the following list shows the needed features that the connector should have: 

- Numerous I/O available. 
- Support for a wide range of signaling standards. 
- High-speed signals, supporting up to 10 Gbit/s transmission. 
- System configurable I/O functionality. 
- Taking into account the limitation in height (44.45mm) for the 1U enclosures, the             

expansion connector should ensure enough space for integrating holdover oscillators          
with heights reaching more than 30 mm. For example, the MV89 oscillator from             
Morion has a height of 38 mm. 

 
 
With these features, we can consider two possible options for the expansion connector:  

1) The FMC connector, since it meets all the desired requirements and features.            
Furthermore, the new WRS-4 will also easily meet the input [WRS-4-CLK-3],           
integrating the FMC-DDS board. 

2) The edge connector ERM8-EM from Samtec, Figure 33 in the “Study on the new              
hardware features for the WRS-4/18” [RF.4]. With this connector, the expansion           
board will be at the same level as the main board, with enough space to integrate big                 
oscillators. It also allows installing expansion boards without opening the whole           
enclosure of the switch - it can be just slid from the back. 
 

 
During the design stage, we will take into account that both options could be              

pin-compatible, we can even add the two footprints on the PCB and thus have the two                
options available. 
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Power connectors. ATX standard. 
 

This kind of power supply connectors have been described in Section 4.3 (Option 3:              
1U redundant compact module) in the document “Study on the new hardware features for              
the WRS-4/18” [RF.4]. The typical pinout and connectors for this kind of power supply can               
be seen in this link, figure 11, page 36. 
 
 
Display. 
 

As described in the guideline [INT-6], the new WRS-4 will have a display on the               
front-panel. This display is depicted in Figure 36 and 37 of the document “Study on the new                 
hardware features for the WRS-4/18”. 

Taking into account the type of display that we want to include in the WRS-4, it is                 
important to note that most of these OLED displays have the following pinout: 

- Power (5V and GND). 
- I2C for display control. 
- RST, when held to ground momentarily this pin resets the display. 

During the design stage, we will choose the appropriate display with stated long-term             
production. 
 
 
Fans. 
 

As commented in the “Study on the new hardware features for the WRS-4/18” [RF.4],              
this new device will have 4 fans. A possible controller for these fans could be the ADT7470                 
which is a PWM fan controller and fan speed monitor. It is designed to interface directly to an                  
I2C bus. The ADT7470 can monitor up to 10 daisy-chained TMP05 temperature sensors. It              
can monitor and control the speed of four fans, in automatic or in manual control loops. 
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4. Architecture proposal and its cost estimate 
 
Section 3 describes the architectural options that we considered and provides           

recommendations of choices most suitable for WRS-4. Based on the recommendations, this            
section outlines the final architecture proposal for the WRS-4. Figure 8 shows a detailed              
block diagram of the proposed WRS-4 architecture. In this figure we show the memory              
system, clocking resources and interfaces that have been described in sections 3.3, 3.4 and              
3.5, respectively. 

Figure 8. WRS-4/18 block diagram using a Zynq Ultrascale+ as main component. 
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For the WRS-4 architecture proposed in this document includes, we present a            

possible component list below: 
 

● Xilinx Zynq Ultrascale+ XCZU17EG-1FFVC1760E.  
○ Quad-core ARM® Cortex™-A53 MPCore™ up to 1.5GHz. 
○ Dual-core ARM Cortex-R5 MPCore™ up to 600MHz. 
○ 32 GTH 16.3Gb/s and 16 GTY 32.75Gb/s. 
○ C1760 footprint compatible with the devices ZU11 and ZU19. 

● On board memory: 
○ 4x DDR4 modules (MT40A512M8RH - 4Gb - 512M x 8) with a total capacity              

of 2GB. 
○ 1x SD memory card (8 GB) for booting and file system storage, including on              

the board a secure digital input/output (SDIO) interface to an SD card            
connector.  

○ 1x eMMC (4 GB and Industrial range). Using the SD memory for development             
and once stable, we will use the eMMC memory. 

○ 2x Dual serial NOR flash Quad-SPI memory (2 x 1Gb) for booting and to              
implement a recovery system.  

○ 1x I2C Serial EEPROM (64K - 8K x 8-bit) for storing serial number, calibration              
parameters and other critical data. 

● Clocking resources: 
○ 1x Fixed frequency 50 MHz oscillator for the ARM. 
○ 1x 25.000 MHz VCTCXO controlled by a DAC with 16-bit SPI interface, with a              

compatible footprint for all these oscillators: Connor-Winfield DOT050,        
Abracom ABLNO, Crystek CVHD-950.  

○ 1x 16-bit DAC AD5662 to control the main oscillator. 
○ 2x Si549 oscillators for bootstrap and/or Helper. 
○ 1x LMX2594 PLL for the GrandMaster input. It will provide to the FPGA the              

required 62.5MHz clock from an external 10MHz clock source. 
○ 1x HMC7044 PLL for the main loop (Proposed solution #1, see section 3.4). 
○ 1x LMX2594 PLL for the main loop (Proposed solution #2, see section 3.4).  
○ 1x LMK01000 clock distributor and divider for the main loop (Proposed           

solution #2, see section 3.4).  
 

● Internal connectors/buttons: 
○ 1x JTAG header for Xilinx programming during debugging. 
○ 1x Expansion connector (possibly FMC). 
○ ATX connectors. 
○ 2x connector for cooling fans. 
○ Buttons: 

■ 1x PS_POR connected to ARM reset. 
■ 1x PS_SRTS_B. 
■ 1x PL system reset. 
■ 1x PS general purpose. 
■ 1x PROGRAM B button for FPGA. 
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● Interfaces: 

○ Clocking interfaces (SMA connectors): 
■ 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). 

 
○ Management: 

■ 1 x SFP port (1 Gb ethernet) directly connected to the PS - GTR              
transceiver. 

■ 1 x RJ45 port (10/100/1000 Ethernet). The interface with the ARM will            
be RGMII using the transceiver KSZ9031MNXIC-TR. 

■ 1 x UART RS-232 port over a RJ45 connector. 
■ 1 x mini USB Type B connector for an UART interface through the             

CP2102 bridge controller. 
■ 1 x USB (for firmware updates) 

○ Buttons: 
■ Reset 
■ Flash (from USB) 

○ 18x SFP+ ports (data and timing). 
● Miscellaneous: 

○ 4x temperature sensors (TMP100). 
○ 1x OLED display. 
○ 1x Programmable Red and Green LEDs for status. 

● Power rails (e.g. Renesas Solutions). 
 

As a summary of the previous list, in Table 16 we present the preliminary WRS-4                
main board BOM. Taking into account the previous preliminary component list, we can             
estimate that the cost increase percentage of the main PCB components of the WRS-4 with               
respect to WRS-3 is 20% (considering the special offer for the Zynq Ultrascale+             
XCZU17EG-1FFVC1760E shown in Table 12). 
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BOM (without passive components) Quantity 
Zynq Ultrascale+  
Xilinx Zynq Ultrascale+ (XCZU17EG-1FFVC1760E) 1 
Fixed frequency 50 MHz oscillator for the ARM (ASDMB-50.000MHZ-C-T) 1 
Memory System  
DDR4 module (MT40A512M8RH) 4 
Memory Card Industrial SD 8 GB (SFSD8192L3BM1TO) 1 
Card Connector SD 1 
Quad-SPI Flash 1Gb (MT25QL01GBBB8ESF) 2 
eMMC Flash memory 32GB (IS21ES04G-JCLI) 1 
Serial EEPROM 64K (24AA64T-I/MC) 1 
Management  
ETH transceiver (KSZ9031MNXIC-TR) 1 
Transformer (H5007NL) 1 
Osc Ethernet Transceiver (7M-25.000MAAJ-T) 1 
USB to UART bridge (CP2105) 1 
RS232 Transceiver (MAX3232CDBE4) 1 
Clocking Resources  
VCTCXO (DOT050) 1 
16-bit DAC (AD5662) 1 
Si549 oscillator 2 
PLL for the GrandMaster input (LMX2594) 1 
PLL for the main loop (HMC7044) 1 
Clock Fanout buffer GM (LTC6957IMS-3#PBF) 1 
D-type Flip Flop (MC100EP52DR2) 2 
Internal Connectors  
FMC HPC 1 
Power connector 1 
JTAG connector 1 
Fans connector 2 
Generic button 5 
External Connectors  
Ethernet RJ45 connector (RJSBE5381C1) 1 
SFP+ cage 1 
SMA connectors 7 
SFP+ RCP W/CAGE 2X4 1 
SFP+ RCP W/CAGE 2X5 1 
RJ45 UART (RJHSE5E80) 1 
Mini-USB 1 
Power Supply (User Case 3.4)  
Power Module (ISL8272M) 1 
Power Module (ZL9101M) 1 
Power Module (ZL9010M) 1 
Switching Regulator (ISL85410) 1 
Switching Regulator (ISL85003) 1 
Switching Regulator (ISL85415) 4 
Table 16. WRS-4 main board BOM (without passive components)  
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