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1.  Introduction

Motion controllers provide motion control of in-
dustrial machinery and equipment, including indus-
trial robots.  Industrial machinery and equipment are 
required to control complex and high-precision op-
erations and machining, while reducing process time.  
Motion controllers need to be able to perform synchro-
nous control on more control axes and at faster control 
cycles(1).

To meet these needs, Fuji Electric has developed 
the “SPH5000M” as a new CPU module for “MICREX-
SX Series” integrated controllers.  In this paper, we 
will introduce this controller.

2.  Features of the “SPH5000M”

When the SPH5000M is used as a motion control-
ler, the motion control program can run three times 
faster than the conventional model “SPH3000MM.”

Figure 1 shows a confi guration example of the 
SPH5000M motion control system.

Figure 2 shows an example of high-speed control 
linkage using the new processor bus of the SPH5000M. 
Table 1 describes the main features of the SPH5000M, 
and Fig. 3 shows the external appearance.  Figure 4 
shows a comparison of application execution perfor-
mance between the conventional model “SPH3000” and 
the SPH3000MM.
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Motion controllers are required to have capability to perform synchronous control with more control axes and 
shorter cycle.  To meet these requirements, Fuji Electric has developed the “SPH5000M” as a CPU module of our 
“MICREX-SX Series.” Its multi-core microcomputer improves application execution performance threefold that of con-
ventional models.  The application program execution cycle has also been sped up by distributing sequence control 
and motion control to multiple CPUs and executing them synchronously in parallel.  As a result, this controller en-
ables machinery to have higher functionality and speed even when the same system confi guration is used as previ-
ous systems.
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3.  Technologies that Support Faster Speeds

3.1  Technology for parallel and synchronous execution of 
programs
The SPH5000M uses a multi-core operation execu-

tion engine architecture (see Fig. 5).
This architecture enables two operation execution 

engines to run in parallel on the multi-core microcom-
puter and provides a high-speed large-capacity cache 
memory that can be shared between the cores for the 
application program data and various user data, while 
also enabling memory to be shared via the high-speed 
internal bus.  Each of the two operation execution 
engines has a shared data memory area that can be 
shared and used with a dedicated data memory area.  
Depending on the amount of data, these memory areas 
can be increased or decreased within the total capacity 
of the data memory and shared data memory.  In addi-
tion, the application program memory has a suffi cient 
memory size totaling 512 Ksteps, while the amount 
of memory allocated to the two operation execution 
engines can be increased or decreased within a range 
up to 512 Ksteps in order to support various applica-
tion programs.  Furthermore, the data memory and 
application program memory are allocated to a cache 

Table 1  Main features of the “SPH5000M”

Item Feature

Application 
execution 
performance

Three times faster than the conventional 
model SPH3000MM through use of multi-
core microcomputer

Large memory 
capacity

Program memory : 512 Ksteps
Data memory : 5,120 Kwords

Data backup Battery-less data backup system
battery maintenance-free

Information 
network

Gigabit Ethernet*1 based high-speed com-
munication

Motion bus Compatible with Fuji Electric’s E-SX bus and 
EtherCAT*2

C language ap-
plication execu-
tion function

Enables parallel execution of PLC applica-
tion programs and C language application 
programs
[Application example of C language function]
○ User-specifi c instructions implemented in 

the C language are read from the PLC ap-
plication program and executed.
○ Executes information processing software 

ran on a PC by embedding it into the PLC.
○ Since it does not have a function for read-

ing the C language application programs, 
it can prevent unauthorized copying of the 
application programs.

Data transmis-
sion between 
multiple CPUs

New processor bus achieves 25 times faster 
transmission speed than previous product.
High-speed control is possible via parallel 
execution of three SPH5000Ms.

Output syn-
chronization 
between I/O 
stations

Capable of output synchronization between 
I/O stations via E-SX bus and synchroniza-
tion between E-SX bus systems

*1  Ethernet is a trademark or registered trademark of Fuji Xerox Co., 
Ltd.

*2  EtherCAT is a trademark or registered trademark of Beckhoff Auto-
mation GmbH.
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*1 Ethernet is a trademark or registered trademark of Fuji Xerox Co., Ltd.
*2 EtherCAT is a trademark or registered trademark of Beckhoff Automation 
     GmbH.

Fig.3  External appearance of “SPH5000M”
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Fig.4  Comparison of application execution performance
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memory operating at 1 GHz, and the application pro-
gram can be executed at a maximum speed of 0.9 ns 
per instruction.

In previous models, application programs that 
could not be allocated to the cache memory were prone 
to longer execution times.  Our recently developed 
product has a large enough cache memory to ensure 
that the system does not adversely impact application 
execution performance due to the size of the applica-
tion program.

It is possible to select whether to synchronize the 
control cycle of the operation execution engine to the 
SX bus or the E-SX bus, so that it is easy to replace 
the “SPH2000” and SPH3000, which synchronized to 
the SX bus, and SPH3000MM, which synchronized 
to the E-SX bus, in existing control systems with the 
SPH5000M.  Moreover, data exchange between the 
operation execution engines maintains synchroniza-
tion via the internal bus, allowing the two engines to 
exchange data easily, something that had previously 
been generally cumbersome.  This makes it unneces-
sary for users to be aware of the synchronization of 
the processing when creating a distributed applica-
tion.  Moreover, sequence control can be executed in 
one operation execution engine, while motion control 
is executed in parallel in the other operation execution 
engine, making it easy to reduce processing time.  In 
addition, the precision of the control cycle is ±1 µs or 
less (when the E-SX bus is specifi ed), allowing control 
to be performed without fl uctuations.

3.2  Multi-CPU synchronous execution technology
The SPH5000M can be installed on the new base 

board and confi gured with up to three multi-CPUs, 
their control cycles synchronized.  The E-SX bus con-
trol unit of each SPH5000M in multi-CPU confi gura-
tion corrects its time by synchronizing it to the syn-
chronization clock incorporated in the new base board 
(see Fig. 6).  The execution cycle of the operation en-
gine and E-SX bus in the CPU modules are synchro-

nized with a precision of ±1 µs or less, while the op-
eration execution engines and E-SX buses are synchro-
nized across the SPH5000Ms at an precision of ±3 µs 
or less.  As a result, even if 96 I/O devices (32 per unit) 
are connected to each E-SX bus of the SPH5000M, the 
output of different systems can be synchronized at an 
precision of ±3 µs or less.

By distributing sequence control and motion con-
trol to multiple CPUs and executing them in parallel, 
the application program can execute these processes 
at high speed.  For example, when the control cycle is 
set to a minimum of 0.25 ms, it is possible to achieve 
multi-axis motion control for up to 12 axes (using three 
SPH5000M units on four axes per bus).  Figure 7 shows 
an example of distributed processing using multiple 
CPUs.

Furthermore, by setting a portion of the three CPU 
modules to a cycle that is an integral multiple of the 
shortest cycle, it becomes possible to simultaneously 
execute on a single system the motion control applica-
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Fig.6  Time synchronization between multiple CPUs
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the previous SPH3000MM, using the heat-dissipating 
structure has reduced the module volume by 15% and 
occupied slot size has been reduced from two slots to 
one, while achieving a maximum operating ambient 
temperature of 55 °C with the same natural air-cooling 
method as the previous model.

Conventional static random access memories 
(SRAMs) for backing up data, such as setting values, 
require a battery to retain data while the power is 
off.  The battery had a five-year lifespan, and regular 
maintenance was required.  In contrast to this, the 
SPH5000M uses non-volatile memory, which elimi-
nates the need for a battery for data backup.  This also 
eliminates the need to replace the battery, thereby im-
proving maintainability.  Moreover, when the power is 
turned on, the data stored in the non-volatile memory 
is copied to the high-speed dynamic random access 
memory (DRAM) to speed up program execution.  An 
electric double layer capacitor is used to copy DRAM 
data to non-volatile memory while the power is off.

The new processor bus has a transmission speed 
of 5 Gbits/s.  When a high-frequency electrical signal 
is transmitted through the wiring pattern of a printed 
circuit board (PCB), reflection or resonance may oc-
cur at impedance discontinuity points, causing the 
signal to be attenuated.  This makes it impossible to 
properly transmit the signal and creates susceptibil-
ity to external noise.  In order to achieve impedance 
matching for transmitting signals in the new proces-
sor bus of the base board, the length of wiring patterns 
for differential pairs of signals are equalized, and the 
clearance of signal patterns is secured to suppress 
crosstalk interference, in addition to the connector of 
the modules is changed from a PCB insertion type to a 
surface mounted type to secure the wiring area of the 
inner layer pattern.  In addition, we created a compos-
ite transmission line analysis model for the patterns 
of multiple PCBs, instead of a single PCB, connected 
via connectors with three SPH5000Ms mounted on 
the base board.  We used the model to verify the sig-
nal quality of the high-speed signals to design optimal 
wiring pattern of the PCBs, thereby enabling them to 
achieve 5 Gbit/s communications (see Fig. 10).

tion program that executes in the shortest cycle and 
the machine control application program that handles 
the large-capacity I/O data executed in a cycle that is 
an integral multiple of the shortest cycle.

By using the new processor bus incorporated in 
the new base board, which performs 25 times better 
at transmitting data than the previous bus, large-
capacity and high-speed data transfer between CPU 
modules is now possible, enabling users to create ap-
plications without being aware of process synchroniza-
tion.  Figure 8 shows the data access structure between 
multiple CPUs using the new processor bus.

In this manner, application systems can be con-
structed flexibly by utilizing distributed processing 
functions in multi-core and multi-CPU modules accord-
ing to control needs.

3.3  Hardware technology
To achieve parallel execution of programs, the 

SPH5000M is equipped with a multi-core microcom-
puter, and the speed of its shared memory has been 
increased from 130 MHz to 1,600 MHz.  The increased 
heat caused by these enhancements and the miniatur-
ization achieved through tight integration of mounted 
components required the adoption of a housing struc-
ture that exposes the surface of the cooling fins to the 
outside air (see Fig. 9).

Even though it generates 6% more heat than 
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Fig.8  Data access between multiple CPUs using new processor bus
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the base board.  This structure improves noise resis-
tance so that these components will not be broken by 
external noise, ensuring high reliability (see Fig. 11).

4.  Application example

As an application example of the SPH5000M, we 
will now describe its use in a printing system.

A printing system uses multiple sensors and actua-
tors to perform sequence control and motion control.  
In particular, high-speed, high-precision motion con-
trol is required to improve productivity and quality.

In conventional printing systems using the 
SPH3000MM, one of its two CPUs is assigned to se-
quence control, and the other is motion control.  The 
SPH5000M has a system confi guration that utilizes 
a multi-core operation execution engine to meet the 
requirements of more advanced sequence control func-
tions and high-speed, high-precision motion control.  
Figure 12 shows an application example of using the 
SPH5000M in a printing system.

One of the operation execution engines performs 
sequence control and the other performs motion con-
trol, enabling it to inherit the same integrated se-
quence control and motion control as previous prod-
ucts.  It also satisfi es the requirements of advanced 
sequence control and high-speed, high-precision motion 
control.  As a result, the product achieves high func-
tionality and high-speed operation while maintaining 
the same system confi guration as previous products.

5.  Postscript

In this paper, we introduced our “MICREX-SX 
SPH5000M” motion controller.

Applying the SPH5000M to motion control can en-

The PCB of the SPH5000M includes a number of 
high-speed components (microcomputer, memory, com-
munication LSI, etc.) that are susceptible to external 
noise.  A structure is adopted in which the metal fi t-
tings attached to the cooling fi ns of the SPH5000M 
make electrical contact with the frame ground (FG) of 

CPU-to-CPU
high-speed

communications SPH5000M

New base board

Fig.10  “SPH5000M” CPU-to-CPU high-speed communication 
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Fig.12  Application example of printing system
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In the future, we plan to continue to expand appli-
cations of controllers to solve challenges at shop floors.
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hance the performance of sequence control and multi-
axis high-speed synchronous control, contributing to 
high productivity and high speed, high precision of 
equipment and machinery.  Furthermore, it can be 
used for predictive diagnosis of failure for factory auto-
mation systems by incorporating an C language appli-
cation program for AI algorithms.
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