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Felix Kunz describes the first board to make use of the PCl/104express extension bus.

ith the MSM945CX, DIGITAL-
WLOGIC AG is aiming to provide
probably the most powerful CPU
system in PC/104 standard format. The
product is based on the SMX945-1.2400
COMexpress module with a memory ca-
pacity of up to 2Gbyte, two clock rates of
1.6GHz and the Intel chipset 945. It has a
variety of interfaces including eight USB
V2.0, two SATA150, one P-ATA, one floppy
disk, one Video/SDVO, one 7.1-sound, two
PS2, two COM, LPT, LAN, twelve PClex-
press and one 32-bit-PCI port. The CPU
system can either be run without fan or
with active cooling. The thermal interface
of the MSM945CX offers an optimal cool-
ing concept for every application.
The MSM945CX’s expandability via PCI
and PClexpress signals is a major innova-
tion provided by extending the PC/104plus

Fig 1: The PCI/104express board has a

form factor of 90 x 96mm including the
PCl/104express connector.
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Fig 2: Required CPU module circuitry for automatic link

specification with a PClexpress bus replac-
ing the obsolete ISA bus and is now called
'PCI/104express'.

PCI/104express represents a forward-
looking standard which will make
it possible, even within the
next 10 to 20 years, to
develop computer
boards on the
PC/104 form
factor and to
employ the
new serial bus
standards.
RTD Embed-
ded Technolo-
gies (Pennsyl-
vania, U.S.), Lip-
pert (Mannheim,
Germany) along
with DIGITAL-LOGIC
(Luterbach, Switzerland)
have jointly defined PCI/
104express. Its specifications
will be recommended to the

MSM945CX PC/104 CPU board

addition to the PClexpress signals, two USB
and two SATA signals are at hand. Power
management is provided by ATX signals,
wake events and controller functions. The
PCI/104express bus may be ex-
panded upstack and down-
stack. A CPU_Direc-
tion line controls
the multiplexer
on the respec-
tive peripheral
module.

The missing
ISA signals can
be retrieved
anytime from
the parallel 32-

bit PCI bus via
a bridging board

— the MSMIP104
which provides 8-bit
and full 16-bit ISA sup-
port. On the CPU module, the
CPU_Direction line provides

a means for the peripheral

PC/104 consortium for adap-
tation. DIGITAL-LOGIC is testing the stan-
dard with the first products. A differential
connector from Samtec with a bandwidth
from up to 7GHz serves as bus connector.
This connector is has a standard PC/104
height of 15.24mm, so it fits exactly the
120-pole PCI and the 104-pole ISA bus.
The PCI/104express bus is an auto-
configuring bus which does not require a
jumper to be set. There are four 1-lane and
two 4-lane PClexpress connections or one
8-lane PClexpress connection available. In

modules, to perform proper
lane shifting depending on if it is above or
below the CPU module in the stack.

Figure 2 shows the required PCB connec-
tion for the CPU_Direction line. The state
of the CPU_Direction line is always deter-
mined by the CPU so that the peripheral
modules can be designed without regards
to the design of other peripheral modules.
On the top side of the connector this line
must be tied to ground on the CPU mod-
ule. On the bottom side connector the line
must be tied to +3.3V.

Fig 3: Required peripheral module circuitry for automatic

shifting. link shifting.
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On the peripheral module, the CPU_Di-
rection line is an input to the resident auto-
switching multiplexers. A single resistor
divider is required on the CPU_Direction
line for each peripheral module so that the
proper SELECT line voltage can be applied
to the multiplexers chosen by the manufac-
turer. Each Peripheral Module must sink or
source less than 300uA of current. There-
fore, the divider resistors R1 and R2 shown
in figure 3 must be on total 10K or greater.

If the peripheral module is positioned
above the CPU module, then the CPU_Di-
rection signal would be grounded and the
SELECT line of the multiplexers would
allow link 0 to connect to the PCI device.
Links 1, 2, and 3 are then allowed to shift
and pass over so that link 1 is in the link
0 position, link 2 is in the link 1 position,
and link 3 is in the link 2 position. The first
link on the left side is now available for the
next peripheral card to be stacked above
the first peripheral module.

If the peripheral module is stacked below
the module, then the CPU_Direction line
would be set to +3.3V and the SELECT line
of the multiplexers would allow Link 3 to
connect to the PCI device. Links 0, 1, and
2 are then allowed to shift and pass over so
that link 2 is in the link 3 position, link 1 is
in the link 2 position, and link 0 is in the
link 1 position. The last link on the right
side is now available for the next peripheral
card to be stacked below the first periph-
eral module.

The advantage of this design is that all
peripheral modules can be built by using
the same methodology as a single configu-

ration. The used links are always the first
links on the left side or the last links on
the right side depending if the peripheral
module gets stacked above or below the
CPU module.

To fully connect the ISA bridge to the
PCI bus, the PC/104plus connection plug
arrangement was enhanced with three
additional signals. Instead of
the never-used 64-bit en-
able line, SDMA-REQ,
SDMA-GNT  and
SIRQ are included
now. They are
employed by
the PCI-to-ISA
bridge to offer a
comprehensive
ISA-bus support.
In this way the PCI/
104express standard
is reverse compatible.

“DIGITAL-LOGIC’s

MSM945CX-1.2400 MSMEXLAN with 1G LAN, 2 x SATA, 2 X USB
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solutions,” says Felix Kunz, chief executive
officer of DIGITAL-LOGIC. Having early
access to Intel’s leading technology and the
support provided by Intel, we are able to
further accelerate customer specific devel-
opment projects.”

DIGITAL-LOGIC develops numerous
PCI/104express peripheral modules. The
first one offers a 1Gbit LAN,

two SATA and two USB
interfaces. Addi-
tionally, SCSI and
multi  channel
grabber
based
on the new
PCI/104express
standard

video
cards

are
projected. The
MSM945CX  re-
quires a supply volt-
age of 5V and runs on
all common operat-
ing systems like Win-

is a highly integrated
PC module based on the Intel, Core Duo
Processor and PCI-Express,” said Rose
Schooler, director of division marketing,
processor infrastructure at Intel,. “Embed-
ded computing companies like DIGITAL-
LOGIC, which offers innovative solutions
based on Intel, processors, enable OEMs to
accelerate their products’ time-to-market
and to reduce development costs.”

“We are very proud to be a General-
Member of the Intel Communications Al-
liance and to be in a strong position to bet-
ter supply our customers with Intel, based

Fig 4: Automatic lane shifting.
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dows, XP, QONX, and
Linux. Equipped with a Flash BIOS, the
CPU board allows to boot the operating
system from different media such as hard
disk, floppy disk, USB, or LAN. The mod-
ule works within the standard temperature
range of -20 to +60°C and can be run at a
lower clock rate within the extended tem-
perature range of -40 to +70°C. The smart-
module’s sophisticated cooling system al-
lows an optimal thermal connection to a
cooling unit.

The MSM945CX was designed for low
current consumption and thanks to its high
video performance it represents the ideal
solution for applications in the field of
video processing, video streaming, biomet-
ric data processing, home automation and
entertainment, as well as remote manage-
ment of IT applications.

Intel’s Core-Duo 1.2400 processor com-
bines the advantages of two high-perfor-
mance execution cores with intelligent
power management functions and reaches
therefore a much higher performance per
watt. Furthermore, the processor fulfills
the requirements of several embedded ap-
plications which demands a low current
consumption and high performance.

The Mobile Intel 945GM-Express chipset
includes the Intel 82945GM Graphic Mem-
ory Controller Hub (GMCH) and the Intel
1/0 Controller-Hub 7-M (ICH7-M). This
chipset enhances the flexibility of embed-
ded application designers, as it offers im-
proved graphic functions and a higher I/O
band width than earlier Intel, chipsets.

Felix Kunz is CEO of DIGITAL-LOGIC AG.

Europe



