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Hardware Are we I/O constrained?

Proposing USB/104 next-gen embedded I/O:  
USB supplements PCI Express in PC/104
By Stephen Newbegin

A crisis is looming in modules such as 
PC/104, PCI-104, and other small form 
factor boards. Since most of these mod-
ules intentionally follow the trends of the 
desktop PC, the migration away from the 
ISA or PCI bus and existing I/O choices 
will soon make data routing more chal-
lenging. It is clear that traditional I/O 
choices such as PCI, PS/2, serial, par-
allel, and even TTL are the choices of 
yesteryear. Instead, contemporary PCs, 
Macintoshes, servers, and laptops are all 
moving to serial-based channels such as 
PCI Express.

Creating PC/104 modules with these 
increasingly unpopular and “orphaned” 
legacy I/O choices will still be possible, 
but designers will need PCI Express 
bridge chips implemented in either 
low-volume ASICs or FPGAs. Besides 
the issue of electrical conversion, the 
mechanical challenge of dedicating pre-
cious board space to inherently large 
legacy connectors such as serial and par-
allel ports, IDE headers, or even ISA 
and PCIbus connectors remains. 

Nevertheless, there is a simple solu-
tion. The ubiquitous Universal Serial 
Bus (USB) shows no sign of fading. 
In fact, in consumer devices USB 2.0 
connections are replacing legacy 
interfaces. It is, therefore, possible to 
replace legacy connections with USB 
ports, to bridge from PCI Express to 
USB, and even to use USB in mod-
ules we’ll call USB/104 as an in-system 
breakout box to provide legacy I/O con-
nections. USB fits very well into future 
embedded and PC/104 markets.

Embedded I/O drafts off of  
the desktop
Most embedded and industrial I/O 
choices come from the consumer market. 
That’s because it makes economic and 

technical sense to leverage off consumer 
I/O interfaces. The earliest consumer PCs 
used an asynchronous RS-232 serial that 
came in both DB9 and DB25 connec-
tors. The early introduction of the faster 
parallel printer using the LPT port elimi-
nated serial connections. Later, game 
ports replaced serial mice, and Ethernet 
evolved from 10Base2 to Gigabit today. 

Additionally, mice went from using a 
DB9 serial connection to the PS/2 type. 
Keyboards went from a large din connec-
tor to a small PS/2. Clearly, the original 
serial port became less relevant for its 
original consumer use. Besides the I/O, 
inside the box most industrial boards 
used the I/O interface bus that migrated 
from the original IBM XT to AT to PCI 
to PCI-X. Figure 1 shows a picture of an 
original IBM XT with old I/O connec-
tions. All general I/O came from add-on 
XT boards. Designers added the Ethernet 
10Base2 XT board and game port XT 
board later.

Throughout all this migration of I/O stan-
dards and evolution, each new standard 
has had a faster and wider parallel path. 
All of these changes have been gradual, 
allowing the industrial and embedded 
computer markets to adapt but creating a 
plethora of interconnections for I/O. It is 
from this evolution that many small form 
factors such as PC/104 and its companion 
versions have now arrived.

PC I/O at a major crossroad
In the current 21st century there has been 
an increasing realization in the PC indus-
try that serial was not such a bad idea 
for I/O interfacing. As chips and boards 
became denser and speeds increased, the 
original parallel bus became more prob-
lematic for increased performance. Chip 
and board routing complexity, as well 
as general system overhead, caused the 
industry to switch from parallel computer 
buses to high-speed serial I/O intercon-
nect. For industrial and embedded com-
puters this new change in PCs will have a 
dramatic effect on board designs as well 
as application-specific I/O.

In desktops, the parallel bus world of ISA 
and PCI will slowly die out for plug-in 
I/O boards. The higher performance, 
peer-to-peer serial I/O interfacing of PCI 
Express will replace it.

Although PCI Express can use multi- 
ple lanes, it is not just a continuation of 
the traditional bus. Many slower indus-
trial I/O devices will not be able to 
economically use this higher perfor-
mance interface. It is clear that the most 
common low-bandwidth I/O will be USB 
ports, which primarily appear as plug-in 

ports on the outside of the com- 
puter’s case.

In an effort to minimize support 
issues related to system modifica-
tion, manufacturers will discour-
age consumers from opening their 
computers. Making the external 
part of the PC less of a smorgasbord 
of different sex and size connec-
tors is an additional benefit. USB 
solves these issues by providing 

a simple, single, hot-swap plug-and-play 
connector for nearly all standard I/O. 
Examining Apple’s newest Mac Mini, 
this tiny computer has four dedicated 
USB 2.0 ports but no serial, LPT, mouse, 
or keyboard ports. It is interesting that 
with the serial-based USB, we now have 
come full circle on PCs from the origi-
nal serial RS-232 as the simple standard 
external I/O. Figure 2 shows the back of 

As the desktop moves away from PCI to PCI Express, so moves the 
PC/104 ecosystem, leaving designers with a dilemma for routing I/O off 
the modules. One simple solution is to use USB, which works between 
boards and offers a clean and handy way to bridge to legacy I/O or route 
connections to the outside of an embedded system.
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the latest small Mac Mini, which has no 
slots and no legacy I/O ports. The con-
nections include DVI/VGA, high-end 
GbE, FireWire (IEEE 1394), and four 
USB ports. 

Using USB today
In the consumer sector, USB has become 
the most popular I/O peripheral interface 
used on PCs; it’s moved most PC mother- 
board connectors to legacy existence. 
Consumers can buy at a local computer 
store a dizzying array of USB products 
from simple gaming stations and key-
boards to higher data transfer external 
drives and storage media. With increased 
processor speeds, even more sophisti- 
cated external sound, video-capture units, 
and TV tuners have become available 
via USB 2.0. This solution is indicative 
of the trend away from opening up the 
computer case.

In the industrial sector, USB has become 
a growing business with numerous I/O 
vendors routing their former PCI devices 
into external boxes using internal PCB 
boards of random sizes. This alternative 
occurred because there was neither a 
requirement for size restrictions of these 
external products nor any PCB board 
standard to maintain. These USB I/O 
PCB boards were meant only to 
be used within their given exter-
nal enclosures. OEMs assumed, 
as in the consumer sector, that 
the product would be an external 
packaged unit to a system. Fig- 
ure 3 shows an ACCES I/O USB-
COM-4SM, which contains a 
four-port RS-232/422/485 serial 

unit in an external enclosure, 
connected to the host via 
USB.

Software and hardware 
growing pains
As we have seen, USB pres-
ents a good way to replace 
legacy I/O in embedded 
modules such as PC/104. 

But there’s more to the story than just 
hardware. As far as software goes, many 
replacement USB I/O devices have used 
readily available simple Human Interface 
Drivers (HID) that were happy living 
in the slower USB 1.1 world. Even if 
USB 2.0 was capable of very fast speeds 
in theory, few early-embedded USB I/O 
vendors had drivers to take advantage of 
this performance. The embedded CPU 
vendors also looked at USB primarily 
as a consumer device interface. Besides, 
replacing a 115 Kbaud serial port with a 
theoretical 12 Mbps USB 1.1 port was no 
performance stretch.

From a hardware perspective, some 
embedded CPU vendors were content 
leaving four pin headers they used for 
USB 1.1 in their USB 2.0 models instead 
of adding the fifth shielding pin required 
for high-speed USB 2.0 (Figure 4). 
Another difficulty was that USB, when 
used with a hub chip, created a problem 
similar to PCI and PCI-X bus slot back-
ward compatibility. USB would act not 
only as a shared bandwidth interface but 
also as a USB 1.1 device, effectively lim-
iting the USB 2.0 devices to a perceived 
slower speed because they 
would have

to wait for service to the other slower 
devices. For more details on USB, refer 
to “USB Fundamentals” in the fall issue 
of PC/104 Embedded Solutions.

A slow USB mouse and a data-intensive 
USB image capture device would have 
obvious performance issues sharing the 
same USB hub. Aware of this issue, chip-
set manufacturers have been making dedi-
cated USB 2.0 root ports more suitable for 
inside the PC. The newest PCI Express I/
O chipsets have moved from four to eight 
dedicated USB 2.0 root channels to assist 
with this new computer transformation. 
This trend also bodes well for using USB 
as an I/O extension in embedded modules 
because it offers speed and the flexibility 
to grow beyond slower legacy interfaces.

Theory vs. practice
The virtues of USB are also its biggest 
curses. Being a simple asynchronous 
serial interface also means it is quite 
unsophisticated for more complex data 
exchanges. Unlike PCI Express, USB 
does not use a peer-to-peer protocol, 
and it offers no hardware interrupts like 
a system bus interface. The result of this 
difference was that the first industrial 
I/O developed over USB favored applica-
tions that formerly were using polled data 
acquisition boards. This configuration 
meant that the input USB devices would 
typically use USB control transfers. 
Output I/O devices have an easier time 
since they can be set up easily to move 
known data quite fast out of the device 
using the USB bulk-transfer data mode. 

The success of higher speed serial com-
munications through USB requires care-
ful attention to good design and refined 
application software drivers. The needs 
of embedded customers are often more 
demanding than the needs of consumers 
for desktop PCs or other USB peripherals. 
It is wise for industrial and embedded 
USB I/O vendors to create their own driv-
ers rather than using generic consumer 
drivers to fully exploit the particular 
applications of their market.

In addition, the USB consumer market 
expects a finished USB device in a pack-
age or enclosure – think of USB hubs, 
external hard drives, or printers. This 
is only partially true for embedded and 
industrial OEM customers. An OEM 
might want to mount a PCB device within 
their equipment or enclosure instead of 
paying the added cost of a box to enclose 
the USB I/O device. One of the reasons 

Figure 2 (Courtesy of Apple Computer)
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this problem exists is that there is no stan-
dard USB I/O board to facilitate space 
and mounting continuity. 

Tying it all together:  
PC/104 and USB
The small PC/104 form factor has been 
among the most popular embedded 
COTS I/O form factors. It, therefore, 
makes the most sense that a USB I/O 
board, USB/104, that matches the size 
and mounting holes of a PC/104 board 
would have the broadest appeal for use as 
an OEM USB I/O board. Not only could 
it function as an internal USB-mounted 
OEM device, but also it could mount 
to either the top or bottom of a PC/104 
stack, creating an additional advantage. 
This setup would be of critical value for 
a required system I/O solution otherwise 
not available in a pure PCI-104 stack. The 
particular PCI-104 board may have no 
PC/104 pass-through connector to add a 
traditional PC/104, ISA, I/O board. Most 
vendors’ PC/104 CPU boards have differ-
ent existing USB connections, and PC/104 
stacks typically route cabling to the side. 
This setup makes a prearranged, agreed 
standard stacking connector in PC/104 for 
USB I/O currently less versatile.

ACCES I/O Products was inspired to 
make a line of USB/104 I/O using much 
of the design and components from its 
rugged PC/104 I/O to meet this new 
market. Because PC/104 mounting 
holes are available on many boards such 
as PC/104, EPIC, and EBX, designers 
can easily integrate this USB/104 form 
factor into system solutions using these 
embedded boards. All enclosures that use 
PC/104 can then utilize USB/104 with 
their system solution. 

For the same reason, if PCI Express on 
a PC/104 footprint is complete with the 
same mounting holes, the USB/104 can 
connect to the top of the stack. This con-
figuration would meet the I/O require-
ments without demands on PCI-Express 
performance. This will become very 
important to both stacking and OEM I/O 
when PCI-Express and USB will be the 
primary I/O interfacing (Figure 5).

The current direction of next-generation 
computer CPU chipsets makes this solu-
tion inevitable. USB/104 then becomes the 
natural solution for low-cost embedded 
I/O, as the traditional computer bus 
moves to obsolescence.    ➤
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