
I f  your  mC-based design
has only one pin free for
diagnost ic  use ,  you can
implement a serial condi-
tion monitor to provide at
l ea s t  some d iagnos t i c
information over that pin. Your implementation
can monitor conditions in your software and report
on those conditions via serial bit transmissions,
which go to an attached oscilloscope. Your software
sends a start bit to trigger the scope at an appropri-
ate time, and then sends data one bit at a time. By
setting the data bits either on or off, your software
provides displayable information about its own sta-
tus (Figure 1).

A serial condition monitor provides limited infor-
mation, because it can send only a few bits—typi-
cally less than a byte. If you display as many as eight
bits on a scope screen, it’s difficult to determine
from the display which bits are ones and which bits
are zeros. Also, a serial condition monitor can’t gen-
erate a display as often as you might want, because
the scope would have difficulty triggering. Typical-
l y, you send serial condition data each time your
code goes around its background loop or every time
it services a regular timer interr upt. 

Still ,  the information from a serial condition
monitor can be helpful .  For example,  i t  might
include a bit to indicate when a motor is active,
when one system is waiting for another, or when a
receive or transmit FIFO contains enough data.
However, a serial condition monitor technique isn’t

well suited to display-
ing events that come
and go very  quick ly,
because the events are
too hard to see on a
scope. Listings 1 and 2

show routines for sending serial status information
for an 8031 and a PIC17C42, respectively. Other rou-
tines set and reset the bits that indicate status.

Ideally, a software monitor program needs a seri-
al port to operate, but you might not always have a
serial port available. The 8031, for example, has only
one serial port, and your design will probably need
the port for its own use, thus excluding it from diag-
nostic use. Also, if your design uses a mP that doesn’t
have an on-chip serial port, you might not want to
add a hardware UART just for debugging. However,
if you have a spare pin on the mC you’re using, or if
you have a spare register output bit on a multichip
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FIGURE 1

A serial condition monitor sends only a few bits of informa-
tion to an oscilloscope, but each bit can represent a status
condition.



processor design, you can imple-
ment a serial port in software.

An example of a software serial
p o rt ,  us ing a  technique some-
times called bit banging, appears
in Listing 3. With this code, writ-
ten for the 8031, or with similar
code for another processor, you
can implement a  post -mort e m
dump of memory after a failure.
Your software can activate the
rout ine af ter  a  hardware  reset
(manua l l y  in i t i a t ed  when  an
e rror occurs) or via an unused
interr upt.

Listing 3’s code transmits 128
bytes of memory to a PC, sending
each byte of RS-232C serial data as
a low-level start bit, followed by
eight data bits (LSB first) ,  and
then a high-level stop bit (assum-
ing no parity). The code convert s
each byte in memory to two hex digits, separating
each pair of digits with a space. A carriage return
and line feed go after every 16 digits. The logic levels

invert before going to the RS-232C connector.
The code in Listing 3 uses one of the 8031’s inter-

nal timers, but you could instead use software loops
for timing. Implementing software timing loops is
fairly straightforward on the 8031, but less so on
more complex processors, where independent bus
interfaces and execution cores make timing less pre-
dictable. On more complex processors, especially, a
hardware timer is easier to use.

I t ’s also possible to implement a serial receive rou-
tine in software, although it might not be part icu-
larly useful. You can construct a complete monitor
program around send and receive serial routines,
but it would be somewhat limited. The processor
can’t do anything else while receiving or transmit-
ting, and the interface is half duplex, so you can’t
receive and transmit at the same time. On a very fast
processor, you can implement a full-duplex UART in
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By adding an expansion connector to a design, you can connect a daughterboard
containing a serial port when you need to do debugging.

LISTING 1—PIC17CXX ASSEMBLY CODE
FOR SERIAL STATUS OUTPUT

LISTING 2—8051/8052 ASSEMBLY CODE
FOR SERIAL STATUS OUTPUT
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LISTING 4—SERIAL RECEIVE ROUTINE FOR 8031

LISTING 3—POST-MORTEM MEMORY DUMP ON 8031 USING SOFTWARE UART
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software with a regular timer interr upt that oper-
ates at 43, 83, or some other multiple of the baud
rate. The fast interr upts really tie the processor up,
though.

Even so, a software serial routine is sometimes
useful. Listing 4’s routine, written for an 8031, func-
tions as an interr upt service routine (ISR), with ser-
ial data connected to the 8031 INT0 interrupt pin.
With INT0 programmed to be edge-sensitive, the ISR
reads serial data when the leading edge of the start
bit occurs. Note that if other, higher priority inter-
r upts occur, the interr upt latency for the serial-
receive code might be too long for reliable opera-
tion.

If you want a full serial interface for debugging,
but you can’t justify adding hardware to every pro-
duction board just in case it’s needed, consider con-
necting processor data-bus and control lines to a pin
header. You can then build a single serial interface
daughterboard containing a UART and an RS-232C
interface (Figure 2). The serial interface board con-
nects to the pin header, and you plug it in only when

you need to debug a problem.
If you have a spare interr upt available for your

serial interface, you can leave a ROM-based debug-
ger resident in your program (but beware of license
fees!) and activate it when a character arrives via
the serial interface. If you pull the interr upt to the
inactive state on the processor board, the software
won’t respond to an interr upt on that line unless
you have the serial board installed. Another means
of testing for the serial board’s presence is with a bit
on the processor board, also connected to the head-
er connector, that you can test with your software.
You pull up the bit on the processor board and
ground it on the serial board. Regardless of how you
test for the serial board’s presence, you don’t  want
the software to execute your debugger code unless
the board is installed.
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The software listings in this article are available on EDN’s Web site:
www.ednmag.com. At the registered-user area, provide the
required information, then go into the Software Center to down-
load 12desp3.


