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1 Overview  

1.1 General 

The Saturn SX1 FPGA modules are optimized for DSP and SoPC applications. They offer high-

performance and yet low-cost Xilinx Spartan-3A DSP FPGAs, large and high-bandwidth memory , LVDS 

I/Os as well as a USB 2.0 high-speed interface. 

The use of Saturn SX1 FPGA modules, in contrast to building a custom FPGA hardware, significantly 

simplifies system design and thus shortens time to market and decreases the development effort of 

your product.  

 
The Saturn Starter base board in conjunction with the Apollo Evaluation Platform enables you to 

quickly put together a prototyping system and start developing your system  'hands-on'. 

1.2  Features 

¶ Xilinx Spartan-3A DSP FPGA 

¶ Up to 128 MB DDR2 266/333 SDRAM 

¶ Up to 1 MB SSRAM (250 MHz) 

¶ 4 MB SPI FLASH 

¶ FX2 USB 2.0 high-speed interface 

¶ Voltage and temperature monitoring  

¶ 2 x 140 pin Hirose FX8 connectors (142 user I/O pins) 

¶ PLL for 3 user clocks 

¶ Single 3.3V or 5 V power input  

¶ 1.2 V / 1.8 V / 2.5 V / 3.3 V power outputs  

¶ 1.2 V / 1.8 V / 2.5 V / 3.3 V I/Os 

¶ Smaller than a credit card: 54x76 mm 

1.3 Deliverables  

¶ Saturn SX1 FPGA module 

¶ Saturn SX1 user manual
1
 (this document) 

¶ Saturn SX1 pinout list
2
 (Microsoft Excel document) 

¶ Saturn SX1 power estimation sheet
3
 (Microsoft Excel document) 
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1.4 Accessories 

1.4.1 Saturn Base Boards 

¶ Saturn Starter board  ð Saturn Base board with four Apollo extension card slots for rapid 

prototyping  

1.4.2 Apollo Extension Cards  

¶ Apollo CV1  ð Camera/Display: Camera Link, DVI, LVDS TFT 

¶ Apollo CV2  ð Camera/Display: Camera Link, HDMI 

¶ Apollo NS1  ð Network and Connectivity: GigE, USB2.0, RS232, PS/2 

¶ Apollo DT1  ð Touch Display: TFT, Touch, GPIO 

¶ Apollo DR1  ð Drive/Motion Control: FET H-Bridges, Encoder, CAN, 24V I/O 

¶ Apollo AD1  ð Data acquisition: High-speed ADCs 

¶ Apollo DA1  ð Signal generation: High-speed DACs 

1.4.3 IP Packages 

¶ TBD ð TBD 

1.4.4 SW Drivers  

¶ TBD ð TBD 
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2 Hardware  

2.1 Block D iagram  

Power

DDR2

SDRAM

SSRAM

SPI 

FLASH

FX2

USB

Clock

MON 

CTRL

FPGA

LEDs

Saturn Module Connector A

Saturn Module Connector B

 

Figure 1: Hardware block diagram  

The heart of the Saturn SX1 FPGA module is the Xilinx Spartan-3A DSP FPGA device. Most of its I/O 

pins are connected to the Saturn module connectors A and B, making 142 user I/Os available at the 

Saturn module connectors. 

The memory subsystem is built from a 4 MB SPI FLASH, a DDR2 266/333 SDRAM device and ð for 

some module configurations ð a synchronous SRAM device running at frequencies up to 250 MHz. 

The FPGA is either configured with a bitstream residing in the SPI FLASH, or via the JTAG interface 

connected to Saturn module connector B. 

Clock generation is done by a 24 MHz crystal oscillator and a highly versatile clock synthesizer device. 

Three freely configurable user clocks may be generated. 

The module-internal supply voltages (1.2V, 1.8V, 2.5V and 3.3V) are generated from the single 5V 

power input. These on-board supply voltages are available on dedicated Saturn module connector 

pins, thus allowing powering some user specific devices on a base board. 
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The monitor controller is mainly supervising the voltage and temperature lev els, which can be read out 

via the monitor controller UART pins located on Saturn module connector B.  The same UART interface 

allows configuring  the clock generation PLL and writing  data (e.g. an FPGA bitstream) to the SPI FLASH. 

Four yellow LEDs are connected to FPGA pins while a red and a green LED is controlled by the monitor 

controller. 

 

 

2.2 Module Configurations  

 

Table 1 shows the available module configurations. Custom configurations are possible, starting at 100 

to 300 pieces per order. 

Part number FPGA SDRAM SSRAM 

Saturn SX1-3400 XC3SD3400 -5CSG484C 128 MB DDR2 333 1 MB @ 250 MHz 

Saturn SX1-1800 XC3SD1800 -4CSG484C 64 MB DDR2 266 512 KB @ 200 MHz 

Table 1: Available module configurations  

2.3 Top-/Bottom Views 

2.3.1 Top View 

 

Figure 2: Module top view  

Warning  

Donõt touch the Saturn SX1 board in operation, especially around the 1.2V regulator 

(see Figure 2). Touching the module in operation may destroy components. Modules wit 

h failures due to faulty operations like applying wrong voltages or touching the module 

in operation are not subject of any warranty. 
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2.3.2 Bottom View 

 

Figure 3: Module bottom view  

2.4 Saturn Module Connectors  

Two Hirose FX8 140 pin 0.6mm pitch headers with a total of 280 pins have to be integrated on th e 

base board. Up to four M3 screws may be used to mechanically fasten a Saturn module to the base 

board. 

Figure 10 on page 34 shows the mechanical drawing of the module footprint.  Table 2 shows the 

connector type as well as some additional information. The connector is available with different 

packaging options (only tube packaging listed below, see datasheet for detailed options)  and different 

stacking heights. 

Reference Type Description Digikey Part Number 

Saturn Module 

Connector A/B 

FX8-140P-SV(91) Hirose FX8, 140-pin, 0.6 mm 

pitch, 3mm stacking height  

H10690-ND 

Saturn Module 

Connector A/B 

FX8-140P-SV1(91) Hirose FX8, 140-pin, 0.6 mm 

pitch, 4mm stacking height  

H10696-ND 

Table 2: Saturn connector types  

Figure 4 shows the pin numbering for the Saturn module connectors A and B. The pins of the Saturn 

module connector A are numbered A1 to A140 while the pins of the Saturn modul e connector B are 

numbered B1 to B140. 
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1

2

139

140

 

Figure 4: Pin numbering for the Saturn module connector ( base board  board top view)  

 

 

 

2.5 User I/Os 

2.5.1 Pinout  

The respective pinouts of the Saturn module connectors A and B are shown in Table 28 and Table 29, 

starting at page 35.  

2.5.2 I/O T ypes 

Six different I/O types do exist. The following table shows the characteristics of each I/O type. 

Signal Name Signals Pairs Differential Single Ended VCCO VREF 

A_DiffIo 62 31 In/Out  (FPGA-internal 

termination possible)  

In/Out  User 

selectable 

(A_VCCO_IN) 

User 

selectable 

(VREF Pins) 

A_Input 10  N/A  In only User 

selectable 

(A_VCCO_IN) 

User 

selectable 

(VREF Pins) 

B_DiffIo 36 18 In/Out In/Out  3.3V None 

B_Input 14  N/A In only 3.3V None 

B_UserIo 4 2 In only (external 

termination  required) 

In/Out  3.3V None 

B_UserIn 16 8 In only (external 

termination  required) 

In only 3.3V None 

Total  142 59 - - - - 

Table 3: I/O types  

Warning  

Do not use excessive force to latch a Saturn module into the Saturn connectors on base 

board as this could damage the Saturn module as well as the base board. Always make 

sure that the Saturn module is oriented the right way before plugging it into the base 

board. 
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2.5.3 FPGA Banks 

The FPGAõs  I/O pins are grouped into four I/O banks. All I/O pins within a particular I/O bank must use 

the same I/O (VCCO) and reference (VREF) voltages. Table 4 shows the main attributes of the FPGA I/O 

banks. 

Bank Connectivity VCCO VREF 

Bank 0 Saturn module connector A User selectable 

(A_VCCO_IN) 

User selectable 

Bank 1 Saturn module connector B, SSRAM 3.3V Not used 

Bank 2 Saturn module connector B, FX2, FLASH, 

Monitor  

3.3V Not used 

Bank 3 SDRAM 1.8V Not used 

Table 4: FPGA I/O banks 

2.5.4 VREF Usage 

Referenced I/O standards using VFREF can be used on Saturn module connector A (FPGA bank 0) only. 

The reference voltage has to be applied to all VREF_0 pins on the Saturn module connector A. 

If FPGA bank 0 is configured to use an unreferenced I/O standard, the VREF_0 pins on Saturn module 

connector A are available as user I/O pins. 

Table 5 shows the VREF_0 pins located on Saturn module connector A. 

Signal Name FPGA Pin FPGA Pin Type Connector Pin 

A_DiffIo_P<5> E7 IO_L31P_0/VREF_0 A22 

A_DiffIo_N<7> A7 IO_L24N_0/VREF_0 A32 

A_DiffIo_N<21> C15 IO_L12N_0/VREF_0 A104 

A_DiffIo_P<25> A16 IO_L06P_0/VREF_0 A118 

A_DiffIo_P<27> C18 IO_L02P_0/VREF_0 A126 

A_Input<3>  C11 IP_0/VREF_0 A63 

Table 5: Saturn module c onnector A VREF_0 pins 

 

 

 

 

 

Warning  

Only use VREF voltages compliant with the equipped FPGA device. Any other voltages 

may damage the equipped FPGA device as well as other devices on the Saturn SX1 

FPGA module. 

Do not leave a VREF pin floating  when using a referenced I/O standard. Doing so may 

damage the equipped FPGA device as well as other devices on the Saturn SX1 FPGA 

module. 
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2.5.5 VCCO Usage 

The VCCO for the I/Os located on Saturn module connector A is configurable by applying the required 

voltage to  the A_VCCO_IN pins on the Saturn module connector A. 

All I/Os located on Saturn module connector B have a fixed VCCO of 3.3V. 

Table 6 shows the A_VCCO_IN pins located on Saturn module connector A. 

Signal name FPGA Pins FPGA Pin type Connector Pins 

A_VCCO_IN All VCCO_0 pins VCCO_0 A62, A64 

Table 6: A_VCCO_IN pins 

 

 

 

 

2.5.6 Signal Terminations  

2.5.6.1 Differential Inputs  

There are no external differential termination resistors on the Saturn SX1 FPGA module for differential 

inputs. 

Differential input pairs on Saturn module connector A may be terminated either by  external 

termination resistors on the base board (close to the module pins) or by the FPGA-internal termination 

resistors (DCI). 

Differential input pairs on Saturn module connector B must be terminated by exte rnal termination 

resistors on the base board (close to the module pins) as the FPGA-internal termination resistors (DCI) 

are not available for these pins. 

2.5.6.2 Single-Ended Outputs  

There are no series termination resistors on the Saturn SX1 FPGA module for single-ended outputs. 

If required, series termination resistors may be equipped on the base board (close to the module pins). 

Warning  

Only use VCCO voltages compliant with the equipped FPGA device. Any other voltages 

may damage the equipped FPGA device as well as other devices on the Saturn SX1 

FPGA module. 

Do not leave a VCCO pin floating . Doing so may damage the equipped FPGA device as 

well as other devices on the Saturn SX1 FPGA module. 
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2.6 Power  

2.6.1 Power Generation O verview  

DC/ DC

5->3.3V

DC/ DC

5->2.5V

DC/ DC

5->1.8V

DC/ DC

5->1.2V

Ferrite

Ferrite

Ferrite

Ferrite

VCC_5V_IN

VCC_3V3 (module -internal )

VCC_3V3_OUT (Saturn module connector )

VCC_2V5 (module -internal )

VCC_2V5_OUT (Saturn module connector )

VCC_1V8 (module -internal )

VCC_1V8_OUT (Saturn module connector )

VCC_1V2 (module -internal )

VCC_1V2_OUT (Saturn module connector )
 

Figure 5: Power generation overview  

The Saturn SX1 module uses a single 5V power input. Four supply voltages (3.3V, 2.5V, 1.8V, 1.2V) are 

generated by the module -internal power circuitry . All four voltages are fed to pins on the Saturn 

module connector B via a ferrite and can thus be used to power devices on the base board. 

 

 

 

 

Warning  

There is a power limit for each external supply voltage and a total power limit for all 

supply voltages together. Please refer to section 2.6.4 for these limits. 
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2.6.2 Power Enable  

The Saturn SX1 FPGA module provides a power enable input on Saturn module connector B. This input 

may be used to shut down the DC/DC converters for 1.2, 1.8 and 2.5V generation, which leaves the 

FPGA unpowered. 

The 3.3V and 5V power rails are always active. 

The PWR_ENA input is pulled to 3.3V on the Saturn SX1 module with a 4k7 pull-up resistor. Leaving it 

unconnected will thus result in an always powered FPGA. 

Pin name Pins Remarks 

PWR_ENA B116 Floating/3.3V: FPGA power enabled 

Tied to GND: FPGA power disabled 

Table 7: Module power enable pin  

 

 

 

2.6.3 Supply Voltage I nput  

A total of 6 Saturn module connector pins is used to feed the 5V supply vol tage to the Saturn SX1 

FPGA module. 

Pin name Pins Voltage 

VCC_5V_IN B135, B137-B140 5V +/ - 10% 

Table 8: Supply voltage input s 

 

 

 

 

 

 

Warning  

Do not apply other voltages to the PWR_ENA pin than 3.3V or GND. Doing so may 

damage the Saturn SX1 FPGA module. It is OK to leave the PWR_ENA pin unconnected. 

 

Warning  

The power consumption of the FPGA is highly dependent on the configured bitstream 

and the actual I/O activity. Be sure to connect a power supply that is capable of 

delivering the required power. Please calculate the power budget of your design as 

described in section 2.6.5.  

Make sure that voltage connected to the the VCC_5V_IN pins is within the tolerance 

specified in Table 8.If this is not the case, the Saturn SX1 FPGA module will most likely 

not function properly and may even be damaged. 
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2.6.4 Supply Voltage O utput s 

Four different supply voltages are generated on the module from the 5V input power. They can be 

used to power devices located on the base board. Table 9 lists the available supply voltages and the 

respective supply voltage output pins. 

Nominal 

Output  

Voltage 

Vnom 

Tolerance 

T 

Saturn Module 

Connector Pins 

Series 

Resistance 

Rser 

Nominal 

Current 

Inom 

Max. Current  

Imax 

3.3V +/ - 5% B134, B136, B103 0.0283 Ohm 0.5 A 0.8 A 

B134, B136, B103, A60 0.0200 Ohm 0.5 A 0.8 A 

2.5V +/ - 5% B107 0.0700 Ohm 0.3 A 0.3 A 

B107, A66 0.0350 Ohm 0.6 A 0.6 A 

1.8V +/ - 5% B130, B132 0.0475 Ohm 0.5 A 0.6 A 

1.2V +/ - 3% B126, B128 0.0475 Ohm 0.6 A 0.6 A 

Table 9: Supply v oltage ouputs  

Care has to be taken at the calculation of the maximum possible output current. The series resistance 

of the connector pins and the ferrite  in the power path has to be taken into consideration. Therefore, 

the total series resistance of the power delivery path for each voltage is listed above. The tolerance of 

the generated voltage has to be taken into account as well. The minimum output voltage at a certain 

output current is calculated as follows (example for 1.2V output): 

Vout,min = Vnom*(1 -T)-Rser*Inom = 1.2V * (1 - 0.03) ð 0.0475Ohm * 0.6A = 1.1355V  

There are 3.3V and the 2.5V outputs pins on both Saturn module on connectors. Table 9 lists the 

different series resistances for using all pins or only the connector B pins, which may simplify the 

layout of a base board. 

The specified nominal current is available under all conditions  and can be used without further 

considerations. 

 

 

 

 

Warning  

The maximum output current must not be exceeded under any circumstances. Doing so 

will most likely cause malfunctions on the Saturn SX1 FPGA module and may even 

damage it. 
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2.6.5 Power Calculation  

The power consumption  of the FPGA may be estimated by using the respective Spartan-3A DSP power 

estimation spreadsheet provided by Xilinx
4
. 

For the Saturn SX1 moduleõs total power dissipation, transfer the values from the Spartan-3A DSP 

power estimation  spreadsheet to the Saturn SX1 power estimation sheet
1
. Do not forget to fill in the 

current values that you intend to draw from the power outputs.  

Figure 6 shows a power estimation for a typical application (FPGA running at 80MHz, 70% resources 

used, consuming 100mA on the 1.8V power output). 

Saturn SX1 Power Estimation Sheet

Parameter Value

Efficiency 5V->1.2V 85%

Efficiency 5V -> 1.8V 85%

Efficiency 5V->2.5V 85%

Efficiency 5V->3.3V 85%

Device

Current @ 

1.2V in A

Current @ 

1.8V in A

Current @ 

2.5V in A

Current @ 

3.3V in A

Current @ 

5.0V in A

FPGA XC3SD3400A-5CSG484C 0.694 0.158 0.133 0.103 0.421

SDRAM MT47H32M32 0.220 0.093

SSRAM GTEGS881Z18BGD-250 0.200 0.155

USB CY7C68013A-56LFXC 0.050 0.039

Clock CDCE937PW 0.030 0.023

Misc 0.010 0.008

Power Outputs 0.100 0.042

Total current (A) 0.694 0.478 0.133 0.393 0.782

Total power (W) incl. efficiency loss 0.980 1.012 0.391 1.526 3.909

Enclustra GmbH Version 1.0 090301

Copyright © 2009 by Enclustra GmbH, 

Switzerland. While Enclustra GmbH 

believes the information included in this 

publication is correct as of the date of 

publication, it is subject to change 

without notice.

 

Figure 6: Typical power estimation  

The estimated Saturn SX1 FPGA module total power consumption for this sample application  is around 

4 W. Modify this sheet according to your application and  calculate the necessary power on the 5V 

power rail. 

2.6.6 Heat Dissipation  

The required airflow is calculated using the Spartan-3A DSP power estimation spreadsheet provided by  

Xilinx
4
. 

 

                                                      

1
 Saturn_SX1_PowerEstimation.xls 

Warning  

Always make sure that the required airflow really is available. A heat sink for the Saturn 

SX1 moduleõs FPGA may be required in some cases. Overheating may lead to damage 

on the Saturn SX1 FPGA module. 
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2.7 Clock Generation  

2.7.1 Overview 

XTAL

24 MHz

Clock 

Synth.

MON

CTRL

Y1

Y2

Y3

Y4

Y5

Y6

Y7

I
2
C

CLK_FX2PIC (24 MHz , to FX2 and PIC)

CLK_OUT<0> (configurable , to Saturn module connector B )

CLK_OUT<2> (configurable , to Saturn module connector B )

CLK_OUT<1> (configurable , to Saturn module connector B )

CLK_USER<2> (configurable , to FPGA

CLK_USER<0> (configurable , to FPGA)

CLK_USER<1> (configurable , to FPGA)

 

Figure 7: Clock generation o verview  

A crystal oscillator feeds the clock synthesizer with a 24 MHz reference clock. The clock synthesizer (TI 

CDCE937PW
5
) is able to generate up to seven clock signals by using three PLLs and seven subsequent 

frequency dividers. 

One clock signal (CLK_FX2PIC) is fixed to 24 MHz and is used to clock the FX2 USB device as well as the 

monitor microcontroller . 

The six remaining clock outputs may be configured freely. Three clock outputs are connected to FPGA 

clock input pins, three clock outputs are connected to the Saturn module connector B. 

 

 

 

 

2.7.2 Signal Description  

 

Clk Signal 

Name 

CDCE937 

Output  

FPGA Pin FPGA Pin Type Saturn Module 

Connector Pin 

CDCE937 Resources 

CLK_OUT<0> Y5 - - B119 PLL2, PDiv5  

CLK_USER<0>  Y4 Y11 IO_L15P_2/GCLK12 - PLL2, PDiv4 

CLK_OUT<1> Y7 - - B122 PLL3, PDiv7 

CLK_USER<1>  Y6 Y10 IO_L15N_2/GCLK13 - PLL3, PDiv6 

CLK_OUT<2> Y2 - - B123 PLL1, PDiv2 

Warning  

As every PLL feeds two clock outputs, not any combination of output clock frequencies is 

possible. Please refer to the clock synthesizerõs datasheet for detailed information. 
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CLK_USER<2>  Y3 Pin AA12 IO_L16P_2/GCLK14 - PLL1, PDiv3 

Table 10: Clock resources  

By default, the internal EEPROM of the CDCE937 is configured to drive all clock outputs with 24 MHz .  

The clock frequencies can be configured and stored in the EEPROM of the CDCE937 using the monitor 

port. See chapter 5Error! Reference source  not found.  for monitor port commands. 

2.8 FPGA Configuration  

2.8.1 JTAG 

2.8.1.1 Signal description  

The JTAG pins of the FPGA are connected directly to the module connector B. 

Signal Name FPGA Pin FPGA Pin Type Saturn Module 

Connector Pin 

JTAG_TCK A21 TCK B111 

JTAG_TMS B1 TMS B115 

JTAG_TDI D2 TDI B109 

JTAG_TDO B22 TDO B113 

Table 11: JTAG interface  

2.8.1.2 External connectivity  

Figure 8 shows the external connectivity of the JTAG connector for use with the Xilinx platform cable 

USB
6
. No pull -up/down resistors are necessary. 

The FPGA as well as the SPI FLASH may be configured conveniently by making use of the Xilinx 

iMPACT programming software
7
 which is part of the Xilinx ISE WebPack / Design Suite

8
. 
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Figure 8: JTAG connectivity on base board  

2.8.2 FX2 

FPGA configuration bitstreams can be downloaded from a host computer to the SPI FLASH via USB. 

Please see the Saturn SX1 software manual for details. 

2.8.3 Monit or Controller  

FPGA configuration bitstreams can be downloaded to the SPI FLASH via the monitor port. Please see 

section 5 starting on page 39 for monitor commands . 

2.9 USB 

Signal Name Connector Pin Remarks 

Usb_D_N B127 - 

Usb_D_P B129 - 

Usb_Vbus B131 Connect the 5V USB power input from the USB slave connector 

to this pin . It is used for wake up of the FX2. The pin is a signal 

type input and is not used to power the module.  

Table 12: USB connector pins  

Figure 9 shows the USB connectivity on base board. A protection diode and a common mode choke 

on the USB signals are recommended on the base board. Connect VCC_USB1 to the USB_Vbus pin of 

the module. 
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Figure 9: USB connectivity on base board  

2.10 LEDs 

2.10.1 FPGA LEDs 

Four yellow LEDs are connected to the FPGA. Please see Figure 2 on page 9 to locate them on the 

module hardware. 

Signal Name FPGA Pin FPGA Pin Type Remarks 

Led_N<0> F5 IO_L03N_3 Active low 

Led_N<1> F4 IO_L03P_3 Active low 

Led_N<2> H4 IO_L05N_3 Active low 

Led_N<3> N1 IO_L22N_3 Active low 

Table 13: FPGA LEDs 

2.10.2 Monitor LEDs  

The monitor LEDs are described in section 5.2.5. 

2.11 Module R eset 

The Saturn SX1 FPGA module provides an active low reset input. Activating the reset results in 

ôunprogrammingõ the FPGA and reset of all other devices located on the module. 

Pin name Pin Remarks 

Reset_N B118 Active low 

Table 14: Module reset pin  
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2.12 Synchronous SRAM 

2.12.1 Synchronous SRAM Type 

Table 15 shows SRAM type and additional information. 

Module  Size Configuration  Manufacturer Type 

Satrun SX1-3400 9 Mbit  512k x 18Bit GSI Technology GS881Z18BGD-250 

Satrun SX1-1800 4.5 Mbit  256k x 18Bit ISS Inc. IS61NLP25618A-200B3LI 

Table 15: Synchronous SRAM type  

 

 

2.12.2 Signal Description  

Table 16 describes the signals of the FPGA-SRAM interface. 

Signal Name FPGA Pin FPGA Pin Type IO Voltage 

Sram_A<0> U19 IO_L01N_1/LDC2 3.3V 

Sram_A<1> AA22 IO_L02N_1/LDC0 3.3V 

Sram_A<2> Y21 IO_L02P_1/LDC1 3.3V 

Sram_A<3> P16 IO_L13N_1/A3 3.3V 

Sram_A<5> N17 IO_L13P_1/A2 3.3V 

Sram_A<4>  P22 IO_L14N_1/A5 3.3V 

Sram_A<7> R22 IO_L14P_1/A4 3.3V 

Sram_A<6> N19 IO_L15N_1/A7 3.3V 

Sram_A<9> N20 IO_L15P_1/A6 3.3V 

Sram_A<8> M22 IO_L17N_1/A9 3.3V 

Sram_A<11> N22 IO_L17P_1/A8 3.3V 

Sram_A<10> M17 IO_L18N_1/RHCLK1 3.3V 

Sram_A<13> N18 IO_L18P_1/RHCLK0 3.3V 

Sram_A<12> M20 IO_L19N_1/TRDY1/RHCLK3 3.3V 

Warning  

Future modules may be equipped with bigger memories or memories of other 

manufacturers! 
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Sram_A<15> N21 IO_L19P_1/RHCLK2 3.3V 

Sram_A<14> L20 IO_L20N_1/RHCLK5 3.3V 

Sram_A<17> L21 IO_L20P_1/RHCLK4 3.3V 

Sram_A<16> L17 IO_L21N_1/RHCLK7 3.3V 

Sram_A<19> M18 IO_L21P_1/IRDY1/RHCLK6 3.3V 

Sram_A<18> K22 IO_L22N_1/A11 3.3V 

Sram_A<20> L22 IO_L22P_1/A10 3.3V 

Sram_Clk K18 IO_L24N_1 3.3V 

Sram_Cke_N K19 IO_L24P_1 3.3V 

Sram_We_N J20 IO_L25N_1/A13 3.3V 

Sram_Oe_N K20 IO_L25P_1/A12 3.3V 

Sram_Adv H18 IO_L26N_1/A15 3.3V 

Sram_Ce_N H17 IO_L26P_1/A14 3.3V 

Sram_Bw_N<0> G22 IO_L28N_1 3.3V 

Sram_Bw_N<1> H22 IO_L28P_1 3.3V 

Sram_Dq<0> J17 IO_L29N_1/A17 3.3V 

Sram_Dq<1> K16 IO_L29P_1/A16 3.3V 

Sram_Dq<2> F20 IO_L30N_1/A19 3.3V 

Sram_Dq<3> G19 IO_L30P_1/A18 3.3V 

Sram_Dq<4> H20 IO_L32N_1 3.3V 

Sram_Dq<5> J19 IO_L32P_1 3.3V 

Sram_Dq<6> E22 IO_L33N_1 3.3V 

Sram_Dq<7> F22 IO_L33P_1 3.3V 

Sram_Dqp<0> G18 IO_L34N_1 3.3V 

Sram_Dqp<1> G17 IO_L34P_1 3.3V 

Sram_Dq<8> E20 IO_L35N_1 3.3V 

Sram_Dq<9> F21 IO_L35P_1 3.3V 

Sram_Dq<10> E19 IO_L36N_1/A21 3.3V 
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Sram_Dq<11> D20 IO_L36P_1/A20 3.3V 

Sram_Dq<12> D22 IO_L37N_1/A23 3.3V 

Sram_Dq<13> D21 IO_L37P_1/A22 3.3V 

Sram_Dq<14> F18 IO_L38N_1/A25 3.3V 

Sram_Dq<15> F19 IO_L38P_1/A24 3.3V 

Sram_Zz C2 IO_L02P_3 1.8V 

Table 16: Synchronous SRAM signal  description  

A level shifter from 3.3V to 1.8V for the Sram_Zz signal is integrated on the Saturn SX1 FPGA module 

hardware. 

2.12.3 Configuration  

The SSRAM is configured to run in the pipe line mode.  

Linear burst order mode is enabled on hardware (SRAM Pin R1 pulled down). 

2.13 DDR2 SDRAM 

2.13.1 DDR2 SDRAM Type 

Table 17 shows the equipped DDR2 SDRAM types. 

Type Size Configuration  Manufacturer Datasheet 

MT47H32M16HR-3:F 64 MB 32M x 16Bit Micron 512MbDDR2.pdf
9
 

MT47H64M16HR-3:G 128 MB 64M x 16Bit Micron 1GbDDR2.pdf
10

 

Table 17: DDR2 SDRAM type  

 

 

Warning  

Future modules may be equipped with bigger memories or memories of other 

manufacturers! 
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2.13.2 Signal Description  

Table 18 shows the signals of the FPGA-DDR2 SDRAM interface. 

Signal name FPGA Pin FPGA Pin type IO voltage 

Ddr2_Odt M5 IO_L18N_3/LHCLK1 1.8V 

Ddr2_We_N L6 IO_L18P_3/LHCLK0 1.8V 

Ddr2_Cas_N R2 IO_L28P_3 1.8V 

Ddr2_Ras_N R1 IO_L28N_3 1.8V 

Ddr2_Cs_N K4 IO_L13P_3 1.8V 

Ddr2_Cke L5 IO_L15N_3 1.8V 

Ddr2_Ba<0> K2 IO_L17P_3 1.8V 

Ddr2_Ba<1> K3 IO_L17N_3 1.8V 

Ddr2_Ba<2> K6 IO_L15P_3 1.8V 

Ddr2_A<0> H1 IO_L11N_3 1.8V 

Ddr2_A<1> H3 IO_L05P_3 1.8V 

Ddr2_A<2> K5 IO_L13N_3 1.8V 

Ddr2_A<3> G5 IO_L07P_3 1.8V 

Ddr2_A<4> G6 IO_L07N_3 1.8V 

Ddr2_A<5> H5 IO_L10P_3 1.8V 

Ddr2_A<6> H6 IO_L10N_3 1.8V 

Ddr2_A<7> E3 IO_L09P_3 1.8V 

Ddr2_A<8> G1 IO_L11P_3 1.8V 

Ddr2_A<9> F1 IO_L06N_3 1.8V 

Ddr2_A<10> H2 IO_L14P_3 1.8V 

Ddr2_A<11> F2 IO_L06P_3 1.8V 

Ddr2_A<12> E4 IO_L09N_3 1.8V 

Ddr2_A<13> W3 IO_L37P_3 1.8V 

Ddr2_Dq<0> P6 IO_L26P_3 1.8V 

Ddr2_Dq<1> P2 IO_L25N_3 1.8V 
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Ddr2_Dq<2> K1 IO_L19P_3/LHCLK2 1.8V 

Ddr2_Dq<3> L1 IO_L19N_3/IRDY2/LHCLK3 1.8V 

Ddr2_Dq<4> L3 IO_L20P_3/LHCLK4 1.8V 

Ddr2_Dq<5> M2 IO_L20N_3/LHCLK5 1.8V 

Ddr2_Dq<6> P1 IO_L25P_3 1.8V 

Ddr2_Dq<7> N5 IO_L24N_3 1.8V 

Ddr2_Dq<8> T5 IO_L29N_3 1.8V 

Ddr2_Dq<9> T6 IO_L29P_3 1.8V 

Ddr2_Dq<10> R3 IO_L34P_3 1.8V 

Ddr2_Dq<11> T4 IO_L34N_3 1.8V 

Ddr2_Dq<12> T1 IO_L30P_3 1.8V 

Ddr2_Dq<13> R5 IO_L32N_3 1.8V 

Ddr2_Dq<14> W1 IO_L35N_3 1.8V 

Ddr2_Dq<15> Y1 IO_L35P_3 1.8V 

Ddr2_Dqs_N<0> N7 IO_L21N_3/LHCLK7 1.8V 

Ddr2_Dqs_P<0> M6 IO_L21P_3/TRDY2/LHCLK6 1.8V 

Ddr2_Dqs_N<1> V1 IO_L33N_3 1.8V 

Ddr2_Dqs_P<1> U2 IO_L33P_3 1.8V 

Ddr2_Dm<0> R6 IO_L26N_3 1.8V 

Ddr2_Dm<1> U1 IO_L30N_3 1.8V 

Ddr2_RstDqsDivI V3 IO_L36N_3 1.8V 

Ddr2_RstDqsDivO V4 IO_L36P_3 1.8V 

Ddr2_Ck_N U5 IO_L38N_3 1.8V 

Ddr2_Ck_P U4 IO_L38P_3 1.8V 

Table 18: DDR2 SDRAM signal description  

2.13.3 Configuration  

No external termination is implemented on the hardware. It is thus strongly recommended to enable 

the DDR2 SDRAM deviceõs on-die termination ( ODT) feature. 
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2.14 FX2 USB 2.0 

2.14.1 FX2 USB 2.0 Type 

Table 19 shows the equipped FX2 USB 2.0 device type. 

Type Manufacturer Datasheet 

CY7C68013A-56LFXC Cypress cy7c68013a_8.pdf
11

 

Table 19: FX2 USB 2.0 type 

2.14.2 Signal Descriptio n 

Table 20 shows the signals of the FPGA-FX2 USB 2.0 interface. 

 

Signal name FPGA Pin FPGA Pin type IO voltage 

Fx2_Fd<0> W22 IO_L06P_1 3.3V 

Fx2_Fd<1> Y19 IO_L26N_2/D1 3.3V 

Fx2_Fd<2> Y18 IO_L26P_2/D2 3.3V 

Fx2_Fd<3> Y15 IO_L24N_2/D3 3.3V 

Fx2_Fd<4> U10 IO_L14N_2/D4 3.3V 

Fx2_Fd<5> V11 IO_L14P_2/D5 3.3V 

Fx2_Fd<6> AA10 IO_L12N_2/D6 3.3V 

Fx2_Fd<7> AB10 IO_L12P_2/D7 3.3V 

Fx2_Fd<8> R20 IO_L07N_1 3.3V 

Fx2_Fd<9> R19 IO_L07P_1 3.3V 

Fx2_Fd<10> T20 IO_L09N_1 3.3V 

Fx2_Fd<11> U20 IO_L09P_1 3.3V 

Fx2_Fd<12> R18 IO_L10N_1 3.3V 

Fx2_Fd<13> P19 IO_L10P_1 3.3V 

Fx2_Fd<14> T22 IO_L11N_1/VREF_1 3.3V 

Fx2_Fd<15> U22 IO_L11P_1 3.3V 

Fx2_FifoAdr<0> G3 IO_L01N_3 3.3V 
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Fx2_FifoAdr<1> F3 IO_L01P_3 3.3V 

Fx2_Flag<0> U13 IO_L20P_2 3.3V 

Fx2_Flag<1> Y5 IO_L07P_2/RDWR_B 3.3V 

Fx2_Flag<2> AA17 IO_L22P_2/AWAKE 3.3V 

Fx2_IfClk AB12 IO_L16N_2/GCLK15 3.3V 

Fx2_Int1_N C1 IO_L02N_3 3.3V 

Fx2_PktEnd W6 IO_L07N_2/VS2 3.3V 

Fx2_Scl AB8 IO_L09P_2/VS1 3.3V 

Fx2_Sda AB9 IO_L09N_2/VS0 3.3V 

Fx2_SlCs_N Y22 IO_L06N_1 3.3V 

Fx2_SlOe_N U18 IO_L01P_1/HDC 3.3V 

Fx2_SlRd AB3 IO_L01N_2/M0 3.3V 

Fx2_SlWr AB16 IO_L22N_2/DOUT 3.3V 

Table 20: FX2 signal description  

2.15 SPI FLASH 

2.15.1 SPI FLASH Type 

Table 19 shows the equipped SPI FLASH device type. 

Type Manufacturer Datasheet 

M25P32-VME6G Numonyx/ST Micro M25P32.pdf
12

 

Table 21: SPI FLASH type 

 

 

Warning  

Future modules may be equipped with bigger memories or memories of other 

manufacturers! 
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2.15.2 Signal Description  

Table 22 shows the signal of the FPGA-SPI FLASH interface. 

Signal name FPGA Pin FPGA Pin type IO voltage 

Spi_S_N U7 IO_L02N_2/CSO_B 3.3V 

Spi_D V13 IO_L20N_2/MOSI/CSI_B 3.3V 

Spi_C V17 IO_L31N_2/CCLK 3.3V 

Spi_Q W17 IO_L31P_2/D0/DIN/MISO 3.3V 

Table 22: SPI FLASH signal description  

2.15.3 Memory Map  

The SPI FLASH is in the first place used to store the FPGA configuration bitstream, which must start at 

address 0 and whose size is dependent of the equipped FPGA type. The remaining SPI FLASH sectors 

are available for user data storage. 

2.15.3.1 Saturn SX1-1800 

Table 23 shows the SPI FLASH memory map for  the Saturn SX1-1800 FPGA module. 

Sector Numbers Size Usage 

0..16 17*64kB FPGA configuration bitstream 

17..63 47*17KB User data 

Table 23: SPI FLASH memory map for the Saturn SX1 -1800 FPGA module  

2.15.3.2 Saturn SX1-3400 

Table 24 shows the SPI memory map for the Saturn SX1-3400 FPGA module. 

Sector Numbers Size Usage 

0..22 23*64kB FPGA configuration bitstream 

23..63 41*17KB User data 

Table 24: SPI FLASH memory map for the Saturn SX1 -3400 FPGA module  

2.16 Monitor Controller  

The monitor controller on the Saturn SX1 board is used for voltage/temperature monitoring, copy 

protection, FPGA programming/field upgrade, clock synthesizer setup and IP core licensing. The user 

can access the monitor controller using the UART interface on the module connector pins.   
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2.16.1 Signal Description  

Table 25 shows the monitor controller signals available on the Saturn module connector B. 

Signal name Connector Pin Direction I/O voltage  Description 

Mon_Rts# B104 Input  3.3V UART Rts# signal / Sdcard_CS# 

Mon_Cts# B106 Output  3.3V UART Cts# signal / Sdcard_DIN 

Mon_Rx B108 Input  3.3V UART Rx signal / Sdcard_DOUT 

Mon_Tx B110 Output  3.3V UART Tx signal / Sdcard_CLK 

Mon_Done B112 Output  3.3V 0 = FPGA unprogrammed  

1 = FPGA configuration is complete 

Mon_Mode B114 Input  3.3V Used to set the monitor mode. See section 

2.16.2 for further information.  

Table 25: Monitor controller  signal description  

2.16.2 Monitor Modes 

With the Mon_Mode  pin (B114), the user can configure different monitor modes. A pull -down resistor 

to ground has to be applied to this pin. Depending on the resistance value of the pull -down resistor, 

different monitor modes are selected.  

Pull-Down Value (Ohm) Mode/Function  Remarks 

0 SDCARD mode Not supported  

10k UART mode, 3õ000õ000 baud Supported starting with Rev B 

12k UART mode, 750õ000 baud Supported starting with Rev B 

15k UART mode, 230õ400 baud - 

20k UART mode, 115õ200 baud - 

27k UART mode, 57õ600 baud - 

39k UART mode, 38õ400 baud - 

68k UART mode, 19õ200 baud - 

180k UART mode, 9õ600 baud - 

1M Inactive Monitor port is disabled  

Table 26: Monitor mode  selection  
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Revision A modules do not provide any monitor UART flow control , while Revision B boards do provide 

hardware flow control (RTS#/CTS#). 

2.16.3 UART Mode 

The monitor port UART provides access to monitoring, programming, license management and PLL 

setting functionality of the Saturn SX1 FPGA module. 

Please see section 5 for the monitor port UART command reference. 

 

 

 

 

2.16.4 LEDs 

The monitor controller signalizes events on two LEDs. Please see Figure 2 on page 8 to locate them on 

the Saturn SX1 FPGA module hardware. 

¶ LED Red: Indicates that a serious error has occurred.  

¶ LED Green: Everything ok. 

Warning  

The maximum supported Baud rate for the monitor port UART is 115200 Baud. 
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2.17 Base Board  Layout Guidelines  

2.17.1 Differential Pairs Net Length  

If using differential pairs, a differential impedance of 100 Ohms should be met on the base board. 

Make sure that the two nets of a differential pair have the same length. Table 27 lists the length of the 

differential  pairs on the Saturn SX1 FPGA module, such as the user can match the total length of the 

differential  pairs on the base board if required for the application.   

 

Differential Pair name 

Connector A 

Net Length (mm) Differential pair name 

Connector B 

Net Length (mm) 

A_DIFFIO_X_0 13.9 B_DIFFIO_X_0 25.9 

A_DIFFIO_X_1 23.7 B_DIFFIO_X_1 16.1 

A_DIFFIO_X_2 12.6 B_DIFFIO_X_2 22.7 

A_DIFFIO_X_3 23.5 B_DIFFIO_X_3 18.0 

A_DIFFIO_X_4 11.9 B_DIFFIO_X_4 24.8 

A_DIFFIO_X_5 24.9 B_DIFFIO_X_5 14.2 

A_DIFFIO_X_6 13.6 B_DIFFIO_X_6 25.7 

A_DIFFIO_X_7 19.2 B_DIFFIO_X_7 14.1 

A_DIFFIO_X_8 13.9 B_DIFFIO_X_8 26.4 

A_DIFFIO_X_9 21.8 B_DIFFIO_X_9 13.8 

A_DIFFIO_X_10 12.1 B_DIFFIO_X_10 23.5 

A_DIFFIO_X_11 24.9 B_DIFFIO_X_11 13.5 

A_DIFFIO_X_12 12.2 B_DIFFIO_X_12 26.1 

A_DIFFIO_X_13 23.4 B_DIFFIO_X_13 14.9 

A_DIFFIO_X_14 20.4 B_DIFFIO_X_14 27.6 

A_DIFFIO_X_15 25.0 B_DIFFIO_X_15 12.9 

A_DIFFIO_X_16 21.2 B_DIFFIO_X_16 22.3 

A_DIFFIO_X_17 28.7 B_DIFFIO_X_17 14.2 

A_DIFFIO_X_18 20.3 B_INPUT_0 27.3 

A_DIFFIO_X_19 28.3 B_INPUT_1 26.8 

A_DIFFIO_X_20 24.0 B_INPUT_2 27.6 
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A_DIFFIO_X_21 29.6 B_INPUT_3 25.0 

A_DIFFIO_X_22 23.5 B_INPUT_4 26.0 

A_DIFFIO_X_23 29.2 B_INPUT_5 17.4 

A_DIFFIO_X_24 26.4 B_INPUT_6 25.4 

A_DIFFIO_X_25 30.7 B_INPUT_7 13.8 

A_DIFFIO_X_26 27.7 B_INPUT_8 24.3 

A_DIFFIO_X_27 31.1 B_INPUT_9 16.4 

A_DIFFIO_X_28 27.1 B_INPUT_10 25.1 

A_DIFFIO_X_29 33.9 B_INPUT_11 18.1 

A_DIFFIO_X_30 26.7 B_INPUT_12 22.8 

A_INPUT_0 20.4 B_INPUT_13 15.9 

A_INPUT_1 14.2 B_USERIN_X_0 26.1 

A_INPUT_2 14.7 B_USERIN_X_1 18.4 

A_INPUT_3 14.9 B_USERIN_X_2 35.7 

A_INPUT_4 13.3 B_USERIN_X_3 21.7 

A_INPUT_5 15.0 B_USERIN_X_4 41.3 

A_INPUT_6 23.3 B_USERIN_X_5 27.1 

A_INPUT_7 50.9 B_USERIN_X_6 41.5 

A_INPUT_8 32.2 B_USERIN_X_7 33.4 

A_INPUT_9 35.7 B_USERIO_X_0 23.6 

  B_USERIO_X_1 21.5 

Table 27: Differential pairs net length  
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3 Module  Footprint  

Figure 10 shows the dimensions of the module footprint on the base board. Maximal component 

height under the module in the limited component height area is 1.2mm with the FX8 -140P-SV and 

2.2mm with the FX8-140P-SV1. See chapter 2.4 for detailed connector information.  

M3 Screwholes

Limited 

component 

height area

76

5
4

Connector A (38, 48) 

Hirose  FX8-140P-SV1

2

139

140

Connector B (38,6)

Hirose  FX8-140P-SV1

2

139

140

4 68

14.9

4
2

4
6

(0,0)

44

 

Figure 10: Module f ootprint  (all lengths in mm)  
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4 Module Pinout  

4.1 Saturn Module Connector A  

FPGA FPGA Signal Signal FPGA FPGA

Pin I/O I/O Pin

B3 IO_L30P_0 A_DiffIo_P<0> 1 2 GND - -

A3 IO_L30N_0 A_DiffIo_N<0> 3 4 GND - -

- - GND 5 6 A_DiffIo_P<1> IO_L29P_0 D5

- - GND 7 8 A_DiffIo_N<1> IO_L29N_0 C4

B4 IO_L28P_0 A_DiffIo_P<2> 9 10 GND - -

A4 IO_L28N_0 A_DiffIo_N<2> 11 12 GND - -

- - GND 13 14 A_DiffIo_P<3> IO_L21P_0 C6

- - GND 15 16 A_DiffIo_N<3> IO_L21N_0 D6

A6 IO_L25P_0 A_DiffIo_P<4> 17 18 GND - -

A5 IO_L25N_0 A_DiffIo_N<4> 19 20 GND - -

- - GND 21 22 A_DiffIo_P<5> IO_L31P_0/VREF_0 E7

- - GND 23 24 A_DiffIo_N<5> IO_L31N_0/PUDC_B F7

C7 IO_L26P_0 A_DiffIo_P<6> 25 26 GND - -

D7 IO_L26N_0 A_DiffIo_N<6> 27 28 GND - -

- - GND 29 30 A_DiffIo_P<7> IO_L24P_0 B6

- - GND 31 32 A_DiffIo_N<7> IO_L24N_0/VREF_0 A7

F8 IO_L27P_0 A_DiffIo_P<8> 33 34 GND - -

E8 IO_L27N_0 A_DiffIo_N<8> 35 36 GND - -

- - GND 37 38 A_DiffIo_P<9> IO_L22P_0 C8

- - GND 39 40 A_DiffIo_N<9> IO_L22N_0 D9

A8 IO_L20P_0/GCLK10 A_DiffIo_P<10> 41 42 GND - -

B8 IO_L20N_0/GCLK11 A_DiffIo_N<10> 43 44 GND - -

- - GND 45 46 A_DiffIo_P<11> IO_L23P_0 G8

- - GND 47 48 A_DiffIo_N<11> IO_L23N_0 F9

A9 IO_L18P_0/GCLK6 A_DiffIo_P<12> 49 50 GND - -

B9 IO_L18N_0/GCLK7 A_DiffIo_N<12> 51 52 GND - -

- - GND 53 54 A_DiffIo_P<13> IO_L16P_0 C9

- - GND 55 56 A_DiffIo_N<13> IO_L16N_0 D10

C5 IP_0 A_Input<0> 57 58 GND - -

C10 IP_0 A_Input<1> 59 60 VCC_3V3_Out - -

A10 IP_0 A_Input<2> 61 62 A_VCCO_In - -

C11 IP_0/VREF_0 A_Input<3> 63 64 A_VCCO_In - -

A12 IP_0 A_Input<4> 65 66 VCC_2V5_Out - -

C14 IP_0 A_Input<5> 67 68 A_Input<6> IP_0 A15

D17 IP_0 A_Input<7> 69 70 A_Input<8> IP_0 A18

- - GND 71 72 A_Input<9> IP_0 D18

F10 IO_L19P_0/GCLK8 A_DiffIo_P<14> 73 74 GND - -

E11 IO_L19N_0/GCLK9 A_DiffIo_N<14> 75 76 GND - -

- - GND 77 78 A_DiffIo_P<15> IO_L15P_0 B11

- - GND 79 80 A_DiffIo_N<15> IO_L15N_0 A11

E12 IO_L17P_0/GCLK4 A_DiffIo_P<16> 81 82 GND - -

F11 IO_L17N_0/GCLK5 A_DiffIo_N<16> 83 84 GND - -

- - GND 85 86 A_DiffIo_P<17> IO_L14P_0 C13

- - GND 87 88 A_DiffIo_N<17> IO_L14N_0 C12

A13 IO_L11P_0 A_DiffIo_P<18> 89 90 GND - -

B13 IO_L11N_0 A_DiffIo_N<18> 91 92 GND - -

- - GND 93 94 A_DiffIo_P<19> IO_L09P_0 E13

- - GND 95 96 A_DiffIo_N<19> IO_L09N_0 D13

Connector

Pin
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FPGA FPGA Signal Signal FPGA FPGA

Pin I/O I/O Pin

F14 IO_L13P_0 A_DiffIo_P<20> 97 98 GND - -

F13 IO_L13N_0 A_DiffIo_N<20> 99 100 GND - -

- - GND 101 102 A_DiffIo_P<21> IO_L12P_0 D14

- - GND 103 104 A_DiffIo_N<21> IO_L12N_0/VREF_0 C15

A14 IO_L10P_0 A_DiffIo_P<22> 105 106 GND - -

B15 IO_L10N_0 A_DiffIo_N<22> 107 108 GND - -

- - GND 109 110 A_DiffIo_P<23> IO_L08P_0 D15

- - GND 111 112 A_DiffIo_N<23> IO_L08N_0 C16

E15 IO_L05P_0 A_DiffIo_P<24> 113 114 GND - -

F15 IO_L05N_0 A_DiffIo_N<24> 115 116 GND - -

- - GND 117 118 A_DiffIo_P<25> IO_L06P_0/VREF_0 A16

- - GND 119 120 A_DiffIo_N<25> IO_L06N_0 A17

E16 IO_L04P_0 A_DiffIo_P<26> 121 122 GND - -

F16 IO_L04N_0 A_DiffIo_N<26> 123 124 GND - -

- - GND 125 126 A_DiffIo_P<27> IO_L02P_0/VREF_0 C18

- - GND 127 128 A_DiffIo_N<27> IO_L02N_0 B19

B17 IO_L03P_0 A_DiffIo_P<28> 129 130 GND - -

C17 IO_L03N_0 A_DiffIo_N<28> 131 132 GND - -

- - GND 133 134 A_DiffIo_P<29> IO_L01P_0 D19

- - GND 135 136 A_DiffIo_N<29> IO_L01N_0 C19

B20 IO_L07P_0 A_DiffIo_P<30> 137 138 GND - -

A19 IO_L07N_0 A_DiffIo_N<30> 139 140 GND - -

Connector

Pin

 

Table 28: Saturn m odule  connector A pinout  

 



 

15.11.2011 37 / 52 Version 1.62 

4.2 Saturn Module Connector B  

FPGA FPGA Signal Signal FPGA FPGA

Pin I/O I/O Pin

- - GND 1 2 GND - -

W5 IO_L03P_2 B_DiffIo_P<0> 3 4 B_DiffIo_P<1> IO_L04P_2 AB4

Y4 IO_L03N_2 B_DiffIo_N<0> 5 6 B_DiffIo_N<1> IO_L04N_2 AA4

- - GND 7 8 GND - -

AB5 IO_L05P_2 B_DiffIo_P<2> 9 10 B_DiffIo_P<3> IO_L11P_2 V7

AB6 IO_L05N_2 B_DiffIo_N<2> 11 12 B_DiffIo_N<3> IO_L11N_2 U8

- - GND 13 14 GND - -

W8 IO_L06P_2 B_DiffIo_P<4> 15 16 B_DiffIo_P<5> IO_L08P_2 AB7

V8 IO_L06N_2 B_DiffIo_N<4> 17 18 B_DiffIo_N<5> IO_L08N_2 AA8

- - GND 19 20 GND - -

V10 IO_L10P_2 B_DiffIo_P<6> 21 22 B_DiffIo_P<7> IO_L13P_2 Y8

U9 IO_L10N_2 B_DiffIo_N<6> 23 24 B_DiffIo_N<7> IO_L13N_2 Y9

- - GND 25 26 GND - -

U12 IO_L17P_2/GCLK0 B_DiffIo_P<8> 27 28 B_DiffIo_P<9> IO_L18P_2/GCLK2 AB13

V12 IO_L17N_2/GCLK1 B_DiffIo_N<8> 29 30 B_DiffIo_N<9> IO_L18N_2/GCLK3 AA14

- - GND 31 32 GND - -

Y13 IO_L21P_2 B_DiffIo_P<10> 33 34 B_DiffIo_P<11> IO_L19P_2 AA15

W14 IO_L21N_2 B_DiffIo_N<10> 35 36 B_DiffIo_N<11> IO_L19N_2 AB14

- - GND 37 38 GND - -

U14 IO_L25P_2 B_DiffIo_P<12> 39 40 B_DiffIo_P<13> IO_L29P_2 Y17

U15 IO_L25N_2 B_DiffIo_N<12> 41 42 B_DiffIo_N<13> IO_L29N_2 Y16

- - GND 43 44 GND - -

U16 IO_L28P_2 B_DiffIo_P<14> 45 46 B_DiffIo_P<15> IO_L23P_2 AB17

V16 IO_L28N_2 B_DiffIo_N<14> 47 48 B_DiffIo_N<15> IO_L23N_2 AB18

- - GND 49 50 GND - -

AB19 IO_L27P_2 B_DiffIo_P<16> 51 52 B_DiffIo_P<17> IO_L30P_2 AA20

AA19 IO_L27N_2 B_DiffIo_N<16> 53 54 B_DiffIo_N<17> IO_L30N_2 AB20

- - GND 55 56 GND - -

AB2 IP_2/VREF_2 B_Input<0> 57 58 B_Input<1> IP_2/VREF_2 W4

Y6 IP_2 B_Input<2> 59 60 B_Input<3> IP_2 AA6

Y7 IP_2 B_Input<4> 61 62 B_Input<5> IP_2/VREF_2 W9

W10 IP_2 B_Input<6> 63 64 B_Input<7> IP_2/VREF_2 AB11

Y12 IP_2 B_Input<8> 65 66 B_Input<9> IP_2/VREF_2 W13

Y14 IP_2/VREF_2 B_Input<10> 67 68 B_Input<11> IP_2/VREF_2 V15

AB15 IP_2 B_Input<12> 69 70 B_Input<13> IP_2/VREF_2 W18

- - GND 71 72 GND - -

W19 IO_L03P_1/A0 B_UserIo_P<0> 73 74 B_UserIo_P<1> IO_L05P_1 T18

V20 IO_L03N_1/A1 B_UserIo_N<0> 75 76 B_UserIo_N<1> IO_L05N_1 T17

- - GND 77 78 GND - -

W21 IP_L04P_1 B_UserIn_P<0> 79 80 B_UserIn_P<1> IP_L08P_1 V22

W20 IP_L04N_1/VREF_1 B_UserIn_N<0> 81 82 B_UserIn_N<1> IP_L08N_1/VREF_1 U21

- - GND 83 84 GND - -

R17 IP_L12P_1 B_UserIn_P<2> 85 86 B_UserIn_P<3> IP_L16P_1/VREF_1 R21

P17 IP_L12N_1/VREF_1 B_UserIn_N<2> 87 88 B_UserIn_N<3> IP_L16N_1 P20

- - GND 89 90 GND - -

L18 IP_L23P_1/VREF_1 B_UserIn_P<4> 91 92 B_UserIn_P<5> IP_L27P_1 J21

K17 IP_L23N_1 B_UserIn_N<4> 93 94 B_UserIn_N<5> IP_L27N_1 J22

- - GND 95 96 GND - -

Connector

Pin
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FPGA FPGA Signal Signal FPGA FPGA

Pin I/O I/O Pin

H21 IP_L31P_1/VREF_1 B_UserIn_P<6> 97 98 B_UserIn_P<7> IP_L39P_1/VREF_1 C22

G20 IP_L31N_1 B_UserIn_N<6> 99 100 B_UserIn_N<7> IP_L39N_1 C21

- - GND 101 102 GND - -

- - VCC_3V3_Out 103 104 Mon_Rts# - -

- - <NC> 105 106 Mon_Cts# - -

- - VCC_2V5_Out 107 108 Mon_Rx - -

- - Jtag_Tdi 109 110 Mon_Tx - -

- - Jtag_Tck 111 112 Mon_Done - -

- - Jtag_Tdo 113 114 Mon_Mode - -

- - Jtag_Tms 115 116 Pwr_Ena - -

- - GND 117 118 Reset_N - -

- - Clk_Out<0> 119 120 GND - -

- - GND 121 122 Clk_Out<1> - -

- - Clk_Out<2> 123 124 GND - -

- - GND 125 126 VCC_1V2_Out - -

- - Usb_D_P 127 128 VCC_1V2_Out - -

- - Usb_D_N 129 130 VCC_1V8_Out - -

- - Usb_Vbus 131 132 VCC_1V8_Out - -

- - GND 133 134 VCC_3V3_Out - -

- - VCC_5V_In 135 136 VCC_3V3_Out - -

- - VCC_5V_In 137 138 VCC_5V_In - -

- - VCC_5V_In 139 140 VCC_5V_In - -

Connector

Pin

 

Table 29: Saturn m odule connector B pinout  
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5 Monitor Port UART Command 

Reference 

5.1 Main Menu  

After successfully booting the monitor firmware, the main menu offers four submenus:  

1. Module Monitoring Menu  

2. Flash Programming Menu 

3. License Management Menu 

4. Clock Settings Menu  

Saturn SX1  

Firmware version 1.00  

 

m -  enter module monitoring menu  

f -  enter flash programming menu  

l -  enter licensing management menu  

c -  enter clock settings menu  

sx1>  

 

Each menu is further discussed within this section. Every menu can be left by pressing the Esc key. 

Pressing the h key will display information about the current menu options.  

5.2 Module Monitoring Menu  

The module monitoring menu displays information about the Saturn SX1 FPGA module and the 

monitor firmware . It is entered by pressing the m key. It also offers an option to trigger the FPGAõs 

reconfiguration mechanism as well as a complete module and monitor firmware reset. 

sx1> m 

s   -  print module state  

i   -  print module information  

c   -  reload FPGA configuration  

r   -  reset mod ule  

ESC -  return to main menu  

module>  
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5.2.1 Module State Command  

The monitor firmware periodically monitors the moduleõs temperature and voltages. Pressing the s  key 

displays the moduleõs global state, the temperature and voltage values, as well as their respective 

state. The temperature resolution is one degree Celsius, the voltage resolution for each voltage is 

25mV; possible states are: 

¶ OK ð value is within  normal range 

¶ WARNING ð value has left the normal range (positive or negative) 

module> s  

Global State: F PGA programmed  

Temperature :    34C  OK  

Voltage 1,2V: 1.200V  OK  

Voltage 1,8V: 1.775V  OK  

Voltage 2,5V: 2.500V  OK  

Voltage 3,3V: 3.300V  OK  

Voltage 5,0V: 4.950V  OK  

module>  

 

There is a hysteresis for the transition between the OK and WARNING states for each parameter. The 

respective thresholds are shown in Table 30. In case of reaching a WARNING state, the moduleõs LEDs 

will flash according to the LED codes in section 5.2.5. 

Parameter WARNING 

Threshold Low 

WARNING 

Threshold High 

OK 

Threshold Low 

OK 

Threshold High 

Temperature -10°C +75°C -5°C +70°C 

1,2V Power Supply 1.100V 1.300V 1.150V 1.250V 

1,8V Power Supply 1.650V 1.950V 1.700V 1.900V 

2,5V Power Supply 2.300V 2.700V 2.375V 2.625V 

3,3V Power Supply 3.025V 3.575V 3.125V 3.475V 

5,0V Power Supply 4.250V 5.750V 4.500V 5.500V 

Table 30: Temperature and voltage thresholds  

5.2.2 Module Information  Command  

General module and monitor firmware information are displayed by pressing the i  key. This includes 

the moduleõs configuration (FPGA type and amount of DDR2 RAM, SSRAM and FLASH memory), the 

moduleõs serial number and the monitor firmware version and its build date. 
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module> i  

Saturn SX1 Module Rev. A  

Configuration      : XC3SD3400A - 5CSG484C 

                     128MB DDR2 RAM 

                     1024KB SSRAM 

                     4MB Flash  

Serial number      : 0408 - 0402 - 0314 - 0201 - 0000 - 029a  

Firmware version   : 1.00  

Firmware build date: 29.04.2009  

module>  

5.2.3 Reconfigure FPGA Command  

Pressing the c  key toggles the FPGAõs PROG_B pin and clear its current configuration. If a bitstream is 

stored in the SPI FLASH, the FPGA will reload its configuration from there. 

module> c  

module>  

5.2.4 Reset Module  Command  

Pressing the r  key will reset the complete module and reboot the monitor firmware.  

module> r  

 

Saturn SX1  

Firmware version 1.00  

 

m -  enter module monitoring menu  

f -  enter flash programming menu  

l -  enter licensing management menu  

c -  enter clock setting menu  

sx1>  

5.2.5 Monitor LED Codes  

The red error led is used to indicate several monitor states by implementing different flashing patterns. 

One digit in Table 31 equals to 87.4 ms. The pattern is repeated after 32*87.4 ms å 2.8 s. 

State Pattern 

WARNING (temperature/voltage out of range  1111 0000 0000 0000 0000 0000 0000 0000 

NO FW (no monitor FW configured) 1100 1100 1100 1100 0000 0000 0000 0000 

Table 31: Monitor LED codes  
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5.3 Clock Settings  

The Clock Settings menu provides the option to print the SX1 moduleõs current PLL settings, to change 

the PLL settings and to reset these settings to the clock synthesizerõs factory default. 

sx1> c  

 

p   -  print all clock settings  

s   -  configure a single PLL  

r   -  reset clock settings to default  

ESC -  return to main menu  

clock>  

 

The monitor firmware uses an 8 byte hexadecimal configuration string to represent the PLL settings. 

This configuration string is a 1:1 representation of the clock synthesizerõs PLL Configuration Register 

content starting from offset 0x04 (0x14 for PLL1, 0x24 for PLL2 and 0x34 for PLL3). Table 32 shows a list 

of sample configuration strings for specific frequencies. Please note that the listed frequencies apply to 

both PLL outputs. For more information about the clock synthesizer, please refer to section 2.7 and the 

synthesizerõs datasheet
5
. 

F 

[MHz] 

PLL Configuration String Pdiv 

{2,4,6} 

Pdiv 

{3,5,7} 

N R Q P M 

24 ed 02 01 01 00 40 02 08  - - - - - - - 

25 6f 00 09 09 fd 2a 22 47  9 9 4050 324 18 1 432 

27 6f 00 08 08 ff f0 02 47 8 8 4095 0 18 1 455 

33 6f 00 06 06 ff c7 c2 07  6 6 4092 248 16 1 496 

48 6f 00 04 04 ff 80 02 07  4 4 4088 0 16 1 511 

50 6f 00 04 04 fe ba 32 07  4 4 4075 326 16 1 489 

62.5 6f 00 03 03 ab e2 c3 eb  3 3 2750 88 31 2 352 

80 6f 00 02 02 d4 8a a3 4a  2 2 3400 340 26 2 510 

100 6f 00 02 02 fe ba 32 07  2 2 4075 326 16 1 489 

125 6f 00 01 01 a4 1d 22 89  1 1 2625 420 20 2 504 

133.3 6f 00 01 01 af 03 82 c9  1 1 2800 112 22 2 504 

150 6f 00 01 01 c6 70 03 2a  1 1 3175 0 25 2 508 

166.6 6f 00 01 01 da cc 43 6a  1 1 3500 392 27 2 504 

183.3 6f 00 01 01 f0 a8 c3 cb  1 1 3850 280 30 2 504 

200 6f 00 01 01 fe ba 32 07  1 1 4075 326 16 1 489 

230 6f 00 01 01 fb 92 32 67  1 1 4025 70 19 1 420 

Table 32: PLL configuration strings  
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5.3.1 Print Clock Settings Command  

Pressing the p key will display the configuration string s for all three PLLs, and therefore display the 

content of every PLLõs configuration register content from offset 0x04 to 0x0B. 

clock> p 

                              04 05 06 07 08 09 0a 0b  

PLL1 (CLK_USER_2, CLK_OUT_2): ed 02 01 01 00 40 02 08  

PLL2 (CLK_USER_0, CLK_OUT_0): ed 02 01 01 00 40 02 08  

PLL3 (CLK_USER_1, CLK_OUT_1): ed 02 01 01 00 40 02 08  

clock>  

5.3.2 Configure PLL Command  

Each of the clock synthesizerõs three PLLs can be configured by pressing the s  key, choosing the 

appropriate PLL and entering the 8 byte hexadecimal configuration string. The new configuration is 

also written back to the synthesizerõs internal EEPROM, so changes wonõt be lost over a power cycle. 

clock> s  

1   -  PLL1 (CLK_USER_2, CLK_OUT_2)  

2   -  PLL2 (CLK_USER_0, CLK_OUT_0)  

3   -  PLL3 (CLK_USER_1, CLK_OUT_1)  

ESC -  cancel  

clock select PLL> 1 

PLL1 stream [hex]: 6f 00 03 03 09 60 03 2a  

done  

clock>  

 

To verify the settings, print the current clock settings again: 

clock> p 

                              04 05 06 07 08 09 0a 0b  

PLL1 (CLK_USER_2, CLK_OUT_2): 6f 00 03 03 09 60 03 2a  

PLL2 (CLK_USER_0, CLK_ OUT_0): ed 02 01 01 00 40 02 08  

PLL3 (CLK_USER_1, CLK_OUT_1): ed 02 01 01 00 40 02 08  

clock>  

5.3.3 Reset Clock Settings Command  

Pressing the r  key will reset all clock settings to default, i.e. all PLLs are bypassed and all output 

frequencies will be equal to the input frequency of 24MHz.  

clock> r  

done  

clock> p 

                              04 05 06 07 08 09 0a 0b  

PLL1 (CLK_USER_2, CLK_OUT_2): ed 02 01 01 00 40 02 08  

PLL2 (CLK_USER_0, CLK_OUT_0): ed 02 01 01 00 40 02 08  

PLL3 (CLK_USER_1, CLK_OUT_1): ed 02 01 01 00 40 02 08  

clock>  
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6 I
2
C Communication  

6.1 Overview  

The Saturn SX1 moduleõs monitoring controller consists of two independent I
2
C controllers, connected 

to the moduleõs FX2 USB controller and the PLL respectively, as well as shared connections to the 

FPGA. The FPGA can take over the role as a master, the monitoring firmwareõs I
2
C controllers act in this 

case as slaves.  This provides the ability to use the FPGA firmware to read back data from the monitor 

itself into the FPGA. The principle communication protocol to read back one or more register values 

within the I2C address space is shown in Figure 11. 

W RRegister AddressSlave Address Read Length Slave Address Data

 

Figure 11: I
2
C Communication Protocol  

First, a write request is sent to the I
2
C slave, which consists of the 7 bit I

2
C slave address and a zero bit 

to indicate the write process. The I
2
C slave address is common for both controllers, 0x14. The next byte 

indicates the register start address within the 256 byte wide I
2
C address space. The address map itself 

is shown in Table 33; a more detailed description of the fields is given within this chapter. The next 

sent byte is the read length, i.e. the amount of subsequent reads starting from the given address. 

Afterwards, a send request is sent to the I
2
C slave, which uses the same 7 bit slave address as in the 

previous write request, but this time the LSB is set to one. Now the slave will send as many bytes as 

requested in the read length byte back to the master.  

Figure 12 shows two examples for reading back data via I
2
C. The first example reads back a single byte 

from address 0x1a (monitor temperature value), the second example reads four consecutive bytes 

starting from address 0x28 (module configuration bytes). 

 

0x28 0x1a 0x01 0x29 0xXX

0x28 0x28 0x04 0x29 0xXX 0xXX 0xXX 0xXX

 

Figure 12: I
2
C Communication Examples  
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6.2 I
2
C Address Map  

 

Address Value Comment Min 

Value 

Max 

Value 

Reso- 

lution  

0x00 

Firmware Version 

Minor  2 digit number with leading 0  00 99 1 

0x01 Major  0 255 1 

0x02 Test Register      

0x03 FX2 Prog. Mode  Write-only register    

0x04 FPGA Status      

0x05 Reserved      

0x06 Reserved      

0x07 Reserved      

0x08 Reserved      

0x09 Reserved      

0x0a Reserved      

0x0b Reserved      

0x0c Reserved      

0x0d Reserved      

0x0e Reserved      

0x0f Reserved      

0x10 

Voltage 1.2V 

LSB 

Absolute voltage value in mV 

0.000V 65.535V 0.001V 

0x11 MSB 

0x12 

Voltage 1.8V 

LSB 

Absolute voltage value in mV 

0.000V 65.535V 0.001V 

0x13 MSB 

0x14 

Voltage 2.5V 

LSB 

Absolute voltage value in mV 

0.000V 65.535V 0.001V 

0x15 MSB 

0x16 

Voltage 3.3V 

LSB 

Absolute voltage value in mV 

0.000V 65.535V 0.001V 

0x17 MSB 
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0x18 

Voltage 5.0V 

LSB 

Absolute voltage value in mV 

0.000V 65.535V 0.001V 

0x19 MSB 

0x1a Temperature  Absolute Temperature in °C -128°C +127°C 1°C 

0x1b Reserved      

0x1c Reserved      

0x1d Reserved      

0x1e 

Status Flags 

LSB     

0x1f MSB     

0x20 

Module  

Serial Number 

MSB     

0x21      

0x22      

0x23 LSB     

0x24 

Module  

Product Number 

MSB     

0x25      

0x26      

0x27 LSB     

0x28 

Module 

Configuration  

MSB FPGA type    

0x29  DDR2 RAM size 0.0MB 8.16GB 32MB 

0x2a  SSRAM size 0.0MB 32.64MB 128kB 

0x2b LSB Flash Memory size 0.0MB 255MB 1MB 

0x2c Reserved      

0x2d Reserved      

0x2e Reserved      

0x2f Reserved      

0x30 Reserved      

ê  

0xff Reserved      

Table 33: I
2
C Address Map  
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6.3 Register Description  

6.3.1 Status Registers (0x00 ð 0x0f)  

6.3.1.1 Firmware Version Register  

The lowest two bytes of the I
2
C address space stores the monitoring firmwareõs version. The version is 

divided into a major and a minor number.  

Please note that whenever the version is displayed, the minor number is always a two digit number 

with leading zeros if necessary, so it ranges from 00 to 99. 

6.3.1.2 Test Register  

The Test Register is a bidirectional register to store and read back a single byte for test purpose. 

6.3.1.3 FX2 Programming mode Register  

The FX2 Programming Mode Register is a write-only register to enable the FX2 programming mode by 

writing an arbitrary value to this register  

6.3.1.4 FPGA Status Register 

Reading back the FPGA Status Register byte gives information about the current stage of the FPGA 

configuration signals. Table 34 shows the content of the FPGA status register value. 

Bit Monitor Signal  FPGA Signal Comment 

0 FX2_SLRD M0 FPGA configuration mode select pin 0 

1 PIC_SDA M1 FPGA configuration mode select pin 1 

2 PIC_SCL M2 FPGA configuration mode select pin 2 

3 PIC_INT INIT_B FPGA initialization/configuration status signal  

4 SPI_C CCLK FPGA configuration clock signal 

5 SPI_Q MISO Master SPI serial data input signal 

6 SPI_D MOSI Master SPI serial data output signal 

7 FPGA_DONE DONE FPGA configuration done signal 

Table 34: I
2
C Address Map - FPGA Status register  
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6.3.2 Monitoring Registers (0x10 ð 0x1f)  

The voltage, temperature und status flag registers contain all information determined by the PIC 

monitor. The temperature register contains a signed 8bit integer value of the moduleõs temperature in 

degree Celsius. The voltage registers contain each temperature value in mV, stored as an unsigned 

16bit integer. The status flag register contains the monitoring status of each monitored value; the 

registersõ content is defined in Table 35. The status flag values themselves are defined in Table 36. 

 7 6 5 4 3 2 1 0 

0x1e 3.3V Voltage Status 2.5V Voltage Status 1.8V Voltage Status 1.2V Voltage Status 

0x1f reserved Temperature Status 5.0V Voltage Status 

Table 35: I
2
C Address Map - Status Flag registers  

Value Status Comment 

00 OK Associated value is in normal range 

01 reserved ---  

10 WARNING Associated value slightly differs from nominal value, warning case is triggered 

11 ERROR Associated value heavily differs from nominal value, error case is triggered 

Table 36: I
2
C Address Map - Status Flag values  

6.3.3 Module Information Registers (0x20 ð 0x2f)  

6.3.3.1 Module Serial Number  

Each Saturn SX1 module has a unique 32bit hexadecimal serial number. The Module Serial Number 

register provides read access to this unique serial number. 

6.3.3.2 Module Product Number  

Besides a unique serial number, the module also has a defined 32bit hexadecimal product number 

which determines different module types and hardware revisions of the Saturn SX1 product family.  

Module  HW Rev. Product Family Subtype Rev. Product Number 

Saturn SX1-1800 A 0x0314 0x01 0x01 0x03140101 

Saturn SX1-3400 A 0x0314 0x02 0x01 0x03140201 

Table 37: Module Product Number Description  
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6.3.3.3 Module Configuration  

The third part of the module information registers is the module configuration address range. The 

module configuration specifies the sizes of the moduleõs Flash, DDR2 RAM and SSRAM memory sizes 

as well as the FPGA type. Table 38 describes the purpose of each byte and the possible value ranges. 

Table 39 additionally defines the valid FPGA type values. The configuration byte sequence and detailed 

configuration values of the currently available Saturn SX1 modules are summarized in Table 40. 

Address  Attribute  Min Value Max Value Resolution 

0x28 FPGA Type ---  ---  ---  

0x29 DDR2 RAM Size 0MB 8.160MB 32MB 

0x2a SSRAM Size 0kB 32.640kB 128kB 

0x2b Flash Size 0MB 255MB 1MB 

Table 38: Mo dule Configuration Bytes Description  

ID FPGA Name Part Type 

0x01 Xilinx Spartan-3A DSP 1800  XC3SD1800A-4CSG484C 

0x02 Xilinx Spartan-3A DSP 3400 XC3SD3400A-5CSG484C 

Table 39: Module Configuration Bytes - FPGA Types 

Module  HW 

Rev. 

Flash SSRAM DDR2 

RAM 

FPGA Type Configuration 

Byte Sequence 

Saturn SX1-1800 A 4MB 512kB 64MB XC3SD1800A-4CSG484C 0x04040201 

Saturn SX1-3400 A 4MB 1024kB 128MB XC3SD3400A-5CSG484C 0x04080402 

Table 40: Saturn SX1 Modules Configuration Bytes  
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