maam  Microcontroller
ENGINEERING REVIEVW

Volume 5

Table of Contents

Environmental monitoring with the MAXQ3210 . ....... ... ... .. .. .. .. .... 2
Signal filtering with the MAXQ7654 ... ... ... ... . . . .. . 7
Security system control with the MAXQ2000 ... ........... ... .. ... ...... 12
RESET
INIT

CONFIGURE
SELF TEST
giz SLEEP
READ SENSOR
ANALYZE SO
CHECK

J

PERFORM
SELF TEST?
N

The MAX3210’s main program loop in an environmental-sensing application spends most of its time in sleep mode, waking up periodically
to read a sensor and analyze the results. (See page 3.)




A high-performance
16-bit RISC core makes
the MAXQ3210 both
fast and power-friendly.

Environmental monitoring with the
MAXQ3210

The new MAXQ3210’s capabilities make it unique in both the MAXQ family and the embedded
microcontroller market. The MAXQ3210 integrates EEPROM code and data storage, a
piezoelectric horn driver, and a 9V regulator into a low-pin-count package. A high-performance
16-bit RISC core makes the device both fast and power-friendly. Based on the MAXQ10 core,
the MAXQ3210 differs from other MAXQ microcontrollers as it has 8-bit accumulators rather
than 16-bit accumulators. The MAXQ3210 can be used in many applications where a few I/O
pins and some smart control are required. This article describes some ideal environmental-
monitoring applications.

MAXQ3210 features and monitoring capabilities

The MAXQ3210 has 2kB of EEPROM code space, 128 bytes of EEPROM data space, and 64
bytes of RAM. An integrated 9V regulator simplifies the circuit in battery-powered applications.
The MAXQ3210 also provides a regulated 5V output for other circuit components. A JTAG
debug engine allows in-application debugging without an expensive emulator.

The MAXQ3210 integrates unique peripherals that can be used in environmental-monitoring
applications. A piezoelectric horn driver and high-current LED driver provide immediate status
feedback when an environmental condition is unsafe or changing. These peripheral capabilities
are useful in many monitoring applications; simple security systems, smoke alarms, temperature
monitors, and motion detectors all have a place for a microcontroller that drives an electric horn.

Additionally, the device provides multiple options for interfacing to environmental-monitoring
circuits. The MAXQ3210’s internal analog comparator monitors voltage changes in external circuits,
which occur as a result of environmental changes. This external circuit could be something as simple
as a thermistor measuring temperature, or something more complex such as a slope analog-to-digital
converter (ADC) that measures the amount of time a current takes to charge a capacitor.

Another option for monitoring external circuits is through the MAXQ3210’s digital I/O. When
an out-of-range condition occurs, for example, the environmental-monitoring circuit generates
an external interrupt that awakens the MAXQ3210. The MAXQ3210’s I/O pins could also use a
serial transmission protocol to communicate data with an external IC that measures distance or
lighting conditions.

Software architecture for a monitoring application

Applications written for the MAXQ3210 are generally small and simple enough to be coded in
the MAXQ assembly language. For the example application presented later in this article, the
MAX-IDE toolset is used. MAX-IDE is a free development environment from Dallas
Semiconductor, providing an assembler and a debugging environment for MAXQ devices.
Figure 1 shows the basic architecture for an environmental-monitoring application.

On startup, the device passes through an initialization period in which registers and configuration
bits are set for general application use. If the device was just powered on, extra operations may
be required, such as manufacturing test and configuration. After passing through initialization
and power-on check, the application enters the main loop where it measures and reacts to its
environment. First, environmental readings are taken through the comparator or the digital I/O
pins, and then analyzed for out-of-range conditions. Next, the application performs periodic
diagnostics, which may include testing external circuits, measuring the battery, or checking for
permanent faults recorded in the data EEPROM. Following the diagnostics, the application
checks the status, which can range from warnings (low battery) to alert conditions (temperature
too high). When the environmental readings require action, the application has several options
that we discuss below: sound a horn, flash an LED, use the I/O pins to communicate with another
device, or simply record the condition into the data EEPROM for later analysis.




Software for a simple monitoring application

A simple application that models an environmental monitor is available
online at www.maxim-ic.com/MAXQ3210_Environment. It was built and
tested on the MAXQ3210 evaluation kit. A pushbutton toggles between
alarming and normal conditions. The horn sounds to indicate an alarm.

The main loop of the environmental-monitoring application appears in the
following paragraph. Notice that the state machine for an environmental
monitor is very simple; it takes sensor readings and analyzes them to see if
the system has exceeded some threshold (temperature too hot, too much
smoke in the air, etc.). If the condition is out of bounds, an alarm signals.

MainLoop:

move DP[0], #CONDITION FLAG

move ACC, @DP[O0]

jump z, MainLoop NoSignal
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see if we are alarming

; read the alarm flag

skip next code if not alarming

; If our condition is above threshold, see if it is

; time to sound the horn

.
4

call CheckSignalTime
jump nz, ReadAndSleep
call SignalCondition

jump ReadAndSleep

.
r

; In a real sensor, we still want to
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see if it is time to sound the horn
back to sleep if no signal

sound horn, light LEDs, etc.

let's go to sleep now

take readings even if we are

; signaling. We need to check to see if environmental conditions

; have returned to normal.

.
r

Mainloop NoSignal:

call CheckForSelfTest
jump 2z, ReadAndSleep

call SelfTest

ReadAndSleep:
call ReadSensor
call AnalyzeSensor

jump Sleep

~e

~e

time to run periodic diagnostics?
skip if not time yet
perform self diagnostics

get a 'sensor reading'
see if condition out of threshold
put the device into low power mode

The selfTest function allows periodic system diagnostics, in which applications could monitor
their battery condition or check for misbehaving circuits. SelfTest is also a good place to
increment an internal timer to track how long the MAXQ3210 has been active, thereby allowing
the external systems with sensors that degrade over time to have a planned end-of-life.

The application code demonstrates how MAXQ peripherals are easy to use, and how they
conserve code space and execution cycles. For instance, the horn driver only requires a single bit

to activate or deactivate the horn output.

SoundTheHorn:

move HORN DRIVER, #1

move LC[O0], #10

call DelayMilliseconds
move HORN DRIVER, #0

ret
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Figure 1. The MAX3210’s
main program loop in an
environmental-sensing
application spends most of
its time in sleep mode,
waking up periodically to
read a sensor and analyze
the results.

With its data EEPROM, a
16-bit timer that
supports capture,
compare, and PWM
operations, and high-
performance MAXQ
microcontroller core, the
MAXQ3210 is useful for
a wide range of
microcontroller
applications.




The single-cycle MAXQ
core and large register
space allow
applications to store
data efficiently and
perform computations
quickly. The MAXQ3210
spends more time in
low-power sleep mode
and less time executing
code.

Power management

Power consumption is one of the most important factors in environmental-monitoring
applications, which typically run off a battery. The MAXQ3210 provides a low-power stop mode
and a low-voltage battery monitor.

When the application is periodically measuring an environmental condition, the MAXQ3210’s
low-power stop mode has two options for wakeup: an external interrupt or a wakeup timer that
can bring the device out of sleep mode and begin code execution. The external interrupt is a good
option when the application is waiting for an external circuit to trigger a condition. Typical
examples are waiting for a door to open or the voltage across a thermistor to cross a threshold
for the external interrupt.

The wakeup timer is another option for bringing the MAXQ3210 out of stop mode. Wakeup is
the function discussed earlier in the demo application: the external monitoring circuit wakes up
the MAX3210, which measures the environment, reacts if necessary, and then returns to sleep.
Figure 2 shows the typical current-consumption model for such an application. Most of the
microcontroller’s time is spent in low-power sleep mode. When the device does wake up, the
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Figure 2. Monitoring
applications sleep most of
the time to conserve power,
waking up periodically for
very short runtimes.

25ms . . . . .
computations quickly, spending less time in

the high-power consumption state and more
time in low-power sleep mode.

Because battery life is a crucial component of most monitoring applications, it is useful to detect
when a battery is nearing end of life. The MAXQ3210 determines if battery voltage has fallen
below a threshold by simply checking a status bit in a register. This voltage threshold is fixed at
7.7V, which is where 9V batteries begin to break down. At this voltage level, there is ample
power left in the battery for the MAXQ3210 to continue to run. A power-conscious application
can run for days or weeks on a low battery and issue periodic warning signals, as is commonly
done in smoke alarms.

Data EEPROM

The MAXQ3210’s 128-byte data EEPROM makes an application smarter. It allows applications
to keep permanent configuration and status data, even across power failures or battery removals.
Permanent data storage is useful for several purposes.

1) Yield improvements. Devices that behave slightly outside specification (for instance, a
distance detector that measures a little short) can store permanent configuration information,
allowing software to compensate for an external circuit’s variations. This allows end devices
to be activated or sold that might have previously been discarded.

2) Behavioral configuration and customization. MAXQ3210 applications can be customized for
their specific target environments or end users. For example, an environmental-monitoring
application might be configured as part of a larger network. When the device’s measurement
is triggered at some threshold, not only would the microcontroller sound its horn, but it could
also toggle port pins to alert other devices about the condition. Factory configuration can
enable or disable this network notification.

3) End of life. In an environmental sensor, the circuit measuring the environment might degrade
with use. By updating the EEPROM of the MAX3210 as time passes, an application has
control over how long it runs before it must be replaced. A sensor, for example, after five years
of running can automatically disable itself, signaling with a horn or flashing LED that it is no
longer functional.




Environmental-monitoring applications

Some of the more obvious environmental-monitoring applications for the MAXQ3210 are
home-safety applications: fire alarms and gas alarms. The MAXQ3210 has all the tools to
implement these applications integrated on-chip. The MAXQ3210 is, however, far more
versatile than a dedicated smoke-alarm microcontroller. A variety of applications can be
created using the simple environment-monitoring software architecture previously discussed.
Some of the following examples target safety applications that prevent or minimize damage to
businesses or homes. Other applications provide convenience to the consumer.

To prevent damage to the home or office, one application is a water-level monitor for a
basement, where a build-up of water might not be noticed for some time. In this case, water is
detected with a humidity sensor or a tank apparatus similar to what is used in a toilet. When
the water causes the float to rise above a certain point, the float triggers an external interrupt,
and the MAXQ3210 sounds an electric horn to alert residents. In addition, the MAXQ3210
communicates the situation to a larger home or business network, which in turn notifies the
business or homeowner about the condition.

Temperature monitoring is another potential application. The contents of a supermarket freezer
or a refrigerated car on a delivery truck are monitored for excessive heat. A simple thermistor
is used along with the analog comparator; when the temperature of a food cooler exceeds safe
limits, the MAXQ3210 indicates the condition to a clerk in the grocery store. This local
temperature monitoring has endless useful applications, such as network equipment,
beverages, film, laboratory equipment, art supplies, and virtually any perishable product.

Applications can also be about convenience. The MAXQ3210 in a smart motion detector alerts
a homeowner when a pet, child, or intruder enters an area of the house that is off-limits.
Pushbuttons are used to configure the sensor.

The MAXQ3210 is a natural fit as a parking assistant. Using a simple distance-detection
circuit, the MAXQ3210 sounds its horn for different durations depending on the distance
measured. This application requires configuration and intelligence in the microcontroller.
When placed in the garage, this circuit helps owners park their cars without bumping into the
walls. An end user might not want their automated parking assistant sounding the electric horn
each time they walk in front of the circuit. Consequently, the device is programmed with an
initial delay—when motion is first detected, the system waits two seconds to see if any
additional motion is detected. If not, the motion was probably someone walking in front of the
sensor. Also, the device could be disabled through the use of pushbuttons; it would be
inconvenient if the device constantly beeped while the end user worked in the garage.

Evaluation kit

The MAXQ3210 evaluation kit (EV kit) is an excellent platform to begin prototyping any
MAXQ3210 application. It runs off a 9V supply or a 9V battery. Two pushbuttons control the
reset and external interrupt signals. A 10-pin JTAG header provides access to hardware
debugging routines, thereby allowing viewing and modification of registers, memory, and
stack. The I/O pins are connected to a convenient 2 x 20 header, close to a prototyping area for
testing external circuits.

An on-board piezoelectric horn and LED can be used to test the sights and sounds of the
application. By default, the horn outputs a damped sound—loud, but not painful. Jumpers can
be added to the board to short the dampening circuit, allowing the horn to be driven at its full
85dB volume.

The MAXQ3210 EV kit can be used with MAX-IDE. It supports the hardware debug engine
of the MAXQ3210, providing source-code-level debugging and memory monitoring.

The MAXQ3210 has a
128-byte data EEPROM
that makes an
application smarter.
This EEPROM allows
applications to keep
permanent
configuration and status
data, even across
power failures or
battery removals.




Figure 3. The MAXQ3210
evaluation kit provides a
piezoelectric horn, LED:s,
and a 9V battery holder for
complete application
development.

MAXQ3210 benefits summary

As we have seen, the MAXQ3210 has several advantages for environmental-
monitoring applications. The primary advantage is integration—components
required by monitoring applications (comparator, horn, and LED driver) are
integrated onto the chip, eliminating the need for external chips to drive these
functions. Integration lowers the overall system cost and improves reliability by
reducing the number of components that need to be tested. Plus, a single chip
requires fewer connections, lowering the test time for the end circuit board. The
single-chip solution also means smaller and less expensive PC boards.

Additional microcontroller benefits are high performance and low-power
consumption. The single-cycle MAXQ core and large register space allow
applications to store data efficiently and perform computations quickly. The
MAXQ3210 spends more time in low-power sleep mode and less time
executing code.

Finally, the MAXQ3210’s battery monitor and data EEPROM allow smart, self-monitoring
applications. Devices can warn the user when their battery is nearing depletion. In addition,
applications can track the life of their components and implement a planned end-of-life.

Conclusion

The MAXQ3210 is a low-pin-count implementation of a MAXQ microcontroller, designed for
applications that do not require the peripheral support provided by more expensive
microcontrollers. While the MAXQ3210 is an excellent fit for environmental sensors, it is truly
a general-purpose, high-performance, power-saving microcontroller, capable of adding
intelligence and interaction to many applications.

It is important to note that while this article discusses environmental monitoring, the
MAXQ3210’s applications are far broader. With its data EEPROM, a 16-bit timer that supports
capture, compare, and PWM operations, and high-performance MAXQ microcontroller core, the
MAXQ3210 is useful for a wide range of microcontroller applications.




Signal filtering with the
MAXQ7654

The application presented in this article demonstrates the mixed-signal features of the
MAXQ7654. This microcontroller uses the first of its two DACs to output a noisy sinusoid, a
low-frequency sinusoid injected with random noise. The DAC output is tied to one of the ADC
input channels for voltage measurement. The input samples are run through a simple finite-
impulse response (FIR) filter to attenuate the high-frequency components of the signal, resulting
in a nice, smooth sinusoid that is output on the second DAC.

With its wealth of analog and digital peripheral support, there are many interesting applications
that demonstrate the capabilities of the MAXQ7654. This article focuses on the device’s signal-
filtering abilities, emphasizing the ADCs, DACs, and the hardware multiply-accumulate unit.
Using the IAR compiler and the MAXQ7654 evaluation kit (EV kit), a sample application
demonstrates how to filter a noisy sinusoid and output the clean, low-frequency signal underneath.

(Note: The source code, project files, and schematics that support this article are available at
www.maxim-ic.com/MAXQ7654_Filter.)

Integrated analog functions and peripheral components enable signal filtering

The MAXQ7654’s 16-channel, 12-bit ADC completes a conversion in as little as 16 clock cycles.
At the 8MHz maximum clock rate, it completes 500,000 samples per second. Applications can
multiplex up to 16 input pins for single-ended analog measurement, or up to 8 pins for
differential signal measurement. The ADC also measures temperature—the MAXQ7654
contains an internal temperature sensor for on-chip (die) temperature readings.

The MAXQ7654 includes a hardware multiply-accumulate unit for signal-processing
applications. It can multiply two 16-bit numbers in a single cycle, and has an optional accumulate
function that operates in signed or unsigned modes. This facilitates the implementation of FIR
and IIR filters; each coefficient of the filter requires as little as three machine cycles to process,
plus some overhead each time the filter is invoked.

A JTAG debug engine, which is common to the MAXQ platform, provides read and write access
to registers and memory while applications are running on the real hardware. JTAG also
eliminates the need for expensive emulators. Major C compiler vendors such as Rowley, IAR,
and Python support the MAXQ7654 and its debugging capabilities.

A new peripheral for the MAXQ platform is a controller area network (CAN) 2.0B interface, a
common network protocol in industrial and automotive applications. Capable of bit rates up to
IMb per second, the MAXQ7654’s CAN controller supports 15 message centers. Interrupts
notify the system when messages are received or sent.

An SPI™ interface supports slave or master mode and 8- or 16-bit data transfers. SPI is
commonly found in small integrated circuits such as programmable battery chargers, digital
potentiometers, DACs, ADCs, and memory chips.

The MAXQ7654 has four multipurpose timers. These timers are configurable for 8- or 16-bit
counting, and support auto-reload for periodic interrupts, pulse-width modulation, capture, and
compare functions.

Software architecture for the filtering application

The noisy sinusoid is output on the first DAC in a timer interrupt to ensure that output samples
are transmitted at regular intervals. However, the code to generate a sinusoid involves complex
floating-point calculations, and is computationally expensive. Plus, a sinusoid is periodic,
repetitive data. Recalculating sinusoid data that will not change over time is a waste of resources.
Therefore, upon startup, the application precomputes an array of sinusoid data.

The MAXQ7654
includes a hardware
multiply-accumulate unit
for signal-processing
applications. It can
multiply two 16-bit
numbers in a single
cycle, and has an
optional accumulate
function that operates in
signed or unsigned
modes.




Based on the high-
performance, 16-bit
RISC MAXQ20 core, the
MAXQ7654 offers a
16-channel, 12-bit
analog-to-digital
converter, and dual,
12-bit digital-to-analog
converters.

The MAXQ’s hardware
multiply-accumulate unit
is easy to use—filter
coefficients and input
samples are loaded into
the multiplier registers,
and the multiplication
result is ready after one
clock cycle.

After the sinusoid data is initialized, the timer is configured to generate periodic interrupts. In the
timer interrupt code, a pseudorandom number generator computes noise, which is simply added
to the clean sinusoid value. The result is passed to the DAC for output conversion.

To keep the demonstration code simple, the analog input signal is sampled in the same timer
interrupt used to output the noisy signal. When an input sample is read, it is run through a simple
FIR filter, which is implemented in assembly language for maximum efficiency. The filtered
sample is then output on the second DAC. An oscilloscope is used to compare the two DAC
outputs. One sinusoid is jagged and noisy, while the other sinusoid appears clean, with a slight
phase delay due to the length of the FIR filter.

Generating and sampling a noisy sinusoid

The timer interrupt code shown below starts with a precomputed sinusoid value and converts it
to a noisy sinusoid value.

sample = static_sin data[sinindex++];
sinnoise = ((sinnoise " 0x5C) * 31) + Oxabcd;
thisnoise = sinnoise;
if (thisnoise & 0x01)
{

thisnoise = thisnoise & Ox1ff;
}
else
{

thisnoise = -1 * (thisnoise & 0x1ff);
}

sample += thisnoise;
if (sample < 0)

sample = sample * -1;
if (sample > 4095)
sample = 8192 - sample;
DACI1 = sample; // Send value to DAC #1

if (sinindex >= SIN WAVE STEPS)
sinindex = 0;

The variable sinnoise stores pseudorandom noise, which can be positive or negative. The noise
factor is added to the value of the pure sinusoid, and the resulting noisy sinusoid value is simply
assigned to the DACII register for digital-to-analog conversion.

Reading a sample from the DAC is nearly as simple. After selecting the input pin for the ADC
to sample, software can either poll a busy bit or enable an interrupt to be notified that the
conversion is complete. The sample code uses the polling technique.

inputsample = ADC Convert Poll(AINO | START CONV | CONTINUOUS);
unsigned int ADC Convert Poll (unsigned int Control Reg)
{
ACNT = Control Reg;
while( ACNT bit.ADCBY ==
return ADCD;

// Set the ADC parameters
// Wait till ADC is not busy
// Return the ADC result

1);

Remember that the sampling rate for the ADCs on the MAXQ7654 is 500ksps. With an SMHz
clock, the code spends only 16 clock cycles waiting for a conversion to complete.




Designing a simple digital filter

The noisy waveform generated in this application contains one strong low-frequency signal and
a large amount of high-frequency noise. A simple lowpass filter cleans this signal.

A general FIR filter is an equation of the form:
Y= A, *X,

where A, represents the filter coefficients, X, is the previously sampled inputs, and Y is the
current output of the filter. The filter coefficients determine the frequency response of the filter,
or how the different frequency components are attenuated or accentuated.

A Java applet (available in the source code distribution for this
article) was used to generate filter coefficients based on a pole-
zero plot (Figure 1). The applet produces a set of high-precision
floating-point filter coefficients. However, because the
MAXQ7654 has a 16-bit hardware-multiply accelerator, the
floating-point coefficients need to be converted to fixed-point
coefficients with 16-bit precision. This conversion introduces
error to the ideal filter transform. Therefore, the Java applet also
outputs the actual transform realized by the fixed-point
coefficients and a graphical representation of the error. Note that
while the applet supports both poles (which accentuate frequency
components) and zeros (which attenuate frequency components),
the demonstration code only uses zeros. Infinite-impulse response
filters (containing both poles and zeroes) can be implemented

with additional software support. -

The Java applet outputs
the actual transform
realized by the fixed-
point coefficients and a
graphical representation
of the error.
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point filter coefficients, plus the number of decimal places in the
fixed-point numbers.

Implementing an efficient digital filter

This section discusses how the fixed-point coefficients are implemented in a real digital filter.
The digital filter algorithm is coded in assembly for maximum performance. This allows
application developers to optimize the filter routine based on the requirements of an individual
application. Squeezing in an extra cycle or two can make a significant impact on the maximum
filter length and sample rate that an application can support.

This demonstration makes two key decisions to maximize the filter’s efficiency. First, this
application uses an unrolled filter loop. This increases the code size of the algorithm, but
produces a very fast filter, requiring three cycles and three codewords per coefficient. This
design decision is not unrealistic. A high-quality filter designed with a Kaiser window might
produce a filter with 250 coefficients, yielding a total code-size cost of 750 words. On a
machine with 65,536 words of code space, this is a valid decision if filter performance is
important.

The second key decision to improve filter efficiency is to dedicate 256 words of RAM to a
circular buffer that stores the previous input data (the Xn portion of the general filter equation).
If the filter has 250 coefficients, the application must store 250 previous input values anyway,
so dedicating 256 words of RAM to the filter is not wasteful. The benefit of this decision is
that the MAXQ’s base-offset pointer can be used to create a circular buffer in hardware. The
filter algorithm does not need to check if a pointer has reached the start of a data buffer,
because the pointer automatically rolls over the buffer boundary. The following is the code for
the digital filter.

Figure 1. This illustration
shows the output of the Java
applet that produces the
filter coefficients. The
applet produces the ideal
transform, actual transform,
error, and 16-bit filter
coefficients.

The digital filter
algorithm is coded in
assembly for maximum
performance.




The MAXQ7654's
analog-to-digital
converter completes a
conversion in as little as
16 clock cycles. At the
maximum 8MHz clock
rate, it completes
500,000 samples per
second.

filtersample:

push DP[1] ; preserve IAR's software stack

push DPC ; probably needs this preserved

move AP, #0 ; select accumulator 0

sub #2048 ; normalize the input sample

move DPC, #10h ; DP[0] byte mode, BP word mode

move BP, #W:sampletable ; start of the sample table

move DP[0], #B:sampleindex ; point to sample current index

move AP, #1 ; select accumulator 1

move ACC, @DP[O0] ; get current table index

move Offs, ACC ; put it in the offset register

add #1 ; increment the current index

move @pP[0], ACC ; restore the table pointer

move @BP[Offs], A[0] ; store the current sample

move MCNT, #22h ; signed, accum, clear regs first
filterloop:

7

; Unroll the filter loop for speed.

7

move MA, #0x16

move MB, @BP[Offs--]

move MA, #0x48

move MB, @BP[Offs--]

move MA, #0x7

move MB, @BP[Offs--]

move MA, #0x2

move MB, @BP[Offs--]

nop

move A[2], MC2 ; get MAC result HIGH

move A[l], MC1 ; get MAC result MID

move A[0], MCO ; get MAC result LOW

The code first normalizes the input sample. Because the MAXQ7654 has a 12-bit ADC, the input
values range from 0O to 4095. To use the digital filter, the input values should be normalized to
-2048 to +2047, so subtraction by 2048 is performed (2048 = 2!1). Once the pointer to the input
samples is initialized and the current input sample is stored, the code executes the filter.

The MAXQ’s hardware multiply-accumulate unit is easy to use. Filter coefficients and input
samples are loaded into the multiplier registers, and the multiplication result is ready after one
clock cycle. The input samples are read from the BP[Offs] pointer, and the filter coefficients are
hard-coded, taken directly from the output window in Figure 1 (reproduced here):

dclé 14, 27, 0xl6, 0x48, Oxad, 0x140, 0x200, 0x2d3, 0x3bl, 0x479, 0x526, 0x5al,
0x5ea, 0x5fl1, 0x5c0, 0x553, O0x4bf, 0x40c, 0x352, 0x299, 0x1f4, 0x163, 0xfO0,
0x97, 0x58, 0x2e, 0x15, 0x7, 0x2

The “14” in the first line means that the numbers in the filter have 14 places after the radix point,
and the result must be shifted 14 places to the right when the filter is complete. The “27” means
that there are 27 coefficients in the filter. Following those control values, the coefficients are
listed starting with Ag (0x16, 0x48, Oxad, . . .).

After the filter algorithm is complete, the accumulated result is ready in the multiply-accumulate
unit’s registers MCO, MC1, and MC2. The result must be shifted to compensate for the fixed-point
radix.




To change filters used by the application, simply alter the code underneath
the filterloop label. For each coefficient output by the Java applet, add the
instruction pair:

move MA, #COEFFICIENT n
move MB, @BP[Offs--]

Also, make sure to change the shift count if necessary.

Results

The simple filter does its job perfectly. Figure 2 shows an oscilloscope
capture of the two MAXQ7654 DACs. Notice the phase shift on the clean

output signal due to the length of the FIR filter. F igure 2.- The bottom signal
is the noisy DAC output
Evaluation kit from the MAXQ7654. It is

sampled, filtered, and
Schematics for the MAXQ7654 EV kit are available with the source code distribution for this ouiput as the top signal.
application. The kit board has many options for exploring the MAXQ7654 microcontroller.
Jumpers select supply voltages and peripheral configurations, and every pin is accessible on the
board. The MAXQ7654 EV kit (see Figure 3) also
integrates the JTAG hardware, so no external board
is required for loading or debugging.

Conclusion

As we have seen, the MAXQ7654 is a high-
performance, mixed-signal microcontroller with a
wide range of applications. With the MAXQ7654’s
simple demonstration code and integrated designs
for maximum performance, the device offers
designers easy-to-use elements for their signal-
filtering application.

SPI is a trademark of Motorola, Inc.

Figure 3. With plenty of
1/O, pushbuttons, and a
prototyping area, the
MAXQ7654 EV kit is an
ideal platform for
evaluating the MAXQ7654.




A small piezoelectric
horn can be interfaced
with the MAXQ2000 by
connecting it between
two port pins.

In an alarm system,
magnetic reed switches
are installed in two
parts: a magnet and
the actual reed switch.

Security system control with the
MAXQ2000

Common alarm-control panels contain several input devices and require user displays. The usual
components for these systems include:

e A device to accept input from the user: a 4 x 4 switch keypad.
¢ A device to display output to the user: an LCD display.

e An input device: a magnetic reed switch.

* An output device: a piezoelectric horn.

These several components can be managed and controlled by a simple application and the
powerful, flexible MAXQ2000 microcontroller. This application, available online at
www.maxim-ic.com/MAXQ2000_Alarm, was written in MAXQ assembly language using the
MAX-IDE development environment. The code was targeted for the MAXQ2000 evaluation kit
board, using the following additional hardware:

* Keypad: Grayhill 16-button (4 rows by 4 columns) keypad 96BB2-006-F
 Piezoelectric horn: CEP-1172

e Magnetic reed switch: standard single-loop type

Design goals

Our example application performs the following tasks:

* Monitors the magnetic reed switch to determine if a door/window is open or closed.
o Allows the user to arm or disarm the system by entering a PIN on the keypad.

* Displays status information to the user on the LCD.

e Provides audio indications of keypresses and sensor open/close events by sounding the
piezoelectric horn.

e Sounds the horn continuously if the sensor is opened while the system is armed.

The behavior of the alarm control application consists of four discrete states: CLOSED, OPEN,
SET, and ALERT (Figure 1).

Interfacing to the magnetic reed switch

In an alarm system, magnetic reed switches are installed in two parts: a magnet and the actual
reed switch. The magnet portion is placed on the moving section of a door or window, while
the switch portion is placed on the frame. When the door or window is closed, the magnet
closes the reed switch, indicating a nonalarming condition. If the system is armed and the
window or door is opened, the reed switch changes state, allowing the MAXQ2000 to sound
an intrusion alert.

The reed switch is interfaced to the MAXQ2000 simply by connecting it between port pins P5.2
and P5.3. With P5.2 set to an active-low pulldown (PD = 1, PO = 0) and P5.3 set to a weak pullup
input (PD =0, PO = 1), P5.3 will read zero when the reed switch is closed and one when the reed
switch is open.
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Interfacing to the 4 x 4 keypad

Keypads are used in alarm control systems for secure PIN entry, to arm/disarm the system, and to
change configurations. The keypad used in this example application consists of 16 switches,
organized in a 4 x 4 grid. The switches are tied together in a row and column matrix (Figure 2) so
that depressing a keypad switch connects one row line to one column line. For example, depressing
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Figure 1. The alarm
control application
operates in four main
states: CLOSED, OPEN,
SET, AND ALERT.




The keypad provides eight interface pins, one pin for each row and column of the keypad
matrix. The keypad and the MAXQ2000 EV kit are connected as shown.

Pin 1 2 3 4 5 6 7 8
Connect| Row 1 | Row2 | Row3 | Row4 Col 1 Col 2 Col 3 Col 4
Port Pin| P60 P6.1 P6.2 P6.3 P6.4 P6.5 P6.6 P6.7
JU2 Pin 54 52 50 48 46 44 42 40
For this application, the EV kit board should be configured as
COLUMN 1 COLUMN2 ~ COLUMN3  COLUMN4 described below.
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Figure 2. The keypad
switches form a grid of four
rows and four columns.
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¢ DIP switches

e Jumpers

¢ The following switches must be OFF: all SW1 switches,
SW3.1, SW3.7, SW3.8, SW6.1, SW6 .4, SW6.5, SW6.6,
SW6.7, and SW6.8.

¢ All other DIP switches can be in any state.

e The following jumpers must be OPEN: JUS, JU6, JUS,
and JU9.

e The following jumpers must be CLOSED: JU1, JU2, JU3
and JU11.

e All other jumpers can be in any state.
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Figure 3. The MAX(Q2000
pulls column 1 low to read
the state of the first four
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Scanning by columns

The row and column arrangement of the keypad
makes it easy to read the state of four switches at
any one time, on either a row or column basis. To
read four switches in one column, first the line for
that column must be pulled low, and all other
columns tri-stated (Figure 3). Next, a weak
pullup must be set on each row line. Finally, the
four row lines are connected to port pin inputs.
The input from a row will be low when the switch
on that row is depressed, and high otherwise.

Similarly, the state of four switches in a row can
be read by pulling that row line low and setting
inputs and weak pullups on all four columns. The
rows and columns are interchangeable.

In our setup, the four row lines (keypad pins 1
through 4) are all connected to the same input
port (P6[3:0]), which makes it easier to read
them simultaneously. For this reason, the
example application scans one column of
switches at a time.




There are four setup states (see table below) for the eight port-pin lines connected to the
keypad, each of which allows four of the switches to be read. All input lines read low when
the switch being read is closed, and high when the switch is open.

STATE | P6.0 P6.1 P6.2 P6.3 P64 P6.5 P7.0 P7.1

1 Input - 1 | Input - 4 | Input - 7 | Input - * | low tri-state | tri-state | tri-state

2 Input - 2 | Input - 5 | Input - 8 | Input - O | tri-state low tri-state | tri-state

3 Input - 3 | Input - 6 | Input - 9 | Input - # | tri-state | tri-state low tri-state

4 Input - A | Input - B |Input - C|Input - D| tri-state | tri-state | tri-state low

An interrupt-driven state machine

The four columns must be strobed quickly so that any keypress has time to be read before it is
released. Additionally, to prevent a switch’s bouncing contacts from registering multiple
presses, a key must be held down for a certain amount of time before it registers. Both of these
factors can be done at once by making a timer-driven interrupt routine the heart of the
application. This allows the application to scan through each one of the four columns in a
periodic manner and to count the length of time a key has been depressed.

The reload value for the timer controls how often the interrupt will fire. This value must be
short enough so that all keypresses are recognized. Additionally, to ensure that key response is
not sluggish, the reload value must also be long enough so that it does not occupy an excessive
amount of processing time. The value OFFOOh used in the example application code (once
about every 2.4ms) was reached through experimentation.

Once the column line for a group of four switches is driven low, some time may be required
for the connection operating through a depressed switch to pull its input line low. This time is
affected by the switch’s on-resistance and by how many column switches are depressed at
once. To avoid having to delay the interrupt service routine between pulling the column line
low and reading the four switches, the column line for a given state is driven low in the
previous state (Figure 4).
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With the row and
column arrangement
of the keypad, it is
possible to read the
state of four switches
at any one time.

Figure 4. In each of the
four key-scanning states,
the application reads the
status of four switches
and prepares to read the
next four.




In the CLOSED, SET, and
ALERT states, a PIN can
be entered to change
the alarm controller to
another state.
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Figure 5. The LCD display
contains four-and-a-half
7-segment characters.
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Because the interrupt vector (IV) for the MAXQ2000 can be set on-the-fly, the application
holds the next-state value in the interrupt vector register. Whenever the timer interrupt fires,
the handler routine for the current key-scanning state sets the interrupt vector address to the
next state’s handler routine.

The handler routines for the other four states are similar, with a slight adjustment to OR in the
previously collected switch bits in the A[13] holding register. There are three working
accumulators used by the state routines.

A[13] holds the bit array of all the switch states read on the current pass through the keypad. After
the State 4 read completes, this register contains the following bits, where a one bit represents an
open (released) key switch and a zero bit represents a closed (depressed) key switch.

BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT
15 |14 | 13 |12 | 11 |10 | 9 8 7 6 5 4 3 2 1 0

* 7 4 1 2 5 8 0 3 6 9 # | D | C| B | A

Debouncing switches

After State 4 is reached and all keys are scanned, a decision must be made whether to accept
any keys that are pressed. A simple way to handle debouncing is to maintain a counter value
for each of the 16 switches. Every time State 4 is reached and the key is pressed, the counter
is incremented. If the key is not pressed, the counter is decremented. When the counter reaches
a certain value, the keypress is registered. To prevent a held-down key from repeating (which
typically is allowed on computer keyboards, but not on keypads), the counter must be allowed
to decrement back to zero (by releasing the key) before that key may be registered again.

As we have the state of all 16 keys in a single register, there is a simpler, less memory-
intensive solution for debouncing. The application maintains a single counter value that is
incremented each time the bit pattern matches the pattern read on the previous pass.

To prevent keys from repeating, once a bit pattern has been static long enough to be accepted,
a different bit pattern (which includes the idle state where no keys are depressed) must be
accepted before the first bit pattern can be accepted again.

Handling simultaneous keypresses

Simultaneous keypresses are possible when using a keypad input device. The debouncing code
ensures that if a second key is pressed right after the first, the debounce interval will start over,
but be short enough in practice so that this is not an issue.

Once a bit pattern has been accepted, the
action for each depressed-key bit can be taken
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The LCD display included with the
MAXQ2000 EV kit has segments defined as
shown (Figure 5).




First, the LCD display must be initialized to static drive mode and enabled. Once this has been
done, characters can be written to the display by setting segments appropriately.

Entering the PIN

In the CLOSED, SET, and ALERT states, a PIN can be entered to change the alarm controller
to another state. As each character is entered, the working value held in A[10] is shifted left
and ORed with the new character, and the decimal point on the LCD display moves left to
indicate the number of characters entered. For security reasons, the PIN being entered is not
shown on the display.

Once all four characters are entered, the PIN is checked against a hard-coded value. If the
entered value matches the PIN, the appropriate state transition occurs.

Using the piezoelectric horn

In our application, a small piezoelectric horn is used to perform two functions: (1) provide
audio feedback when keys are pressed or when an incorrect PIN is entered, and (2) sound an
alarm when the reed switch opens while the system is armed.

For demonstration purposes, a small piezoelectric horn can be interfaced with the MAXQ2000
by connecting it between two port pins. The port pins are driven differentially to increase the
current drive to the piezoelectric horn, and the loop counts used in the driver code determine
the frequency of the tone emitted.

In an actual alarm system, stronger drive circuitry would be used to run the piezoelectric horn,
and the horn would be driven at its resonant frequency to increase the volume.

Conclusion

The MAXQ2000 interfaces easily and directly to LCD displays by means of its dedicated LCD
controller peripheral. Multiplexed keypads can be read in a straightforward manner using the
flexible port-pin configuration provided by the MAXQ2000. A timer-interrupt-driven state
machine allows all keys in the matrix to be scanned and debounced with minimal effect on
processor overhead. Finally, a piezoelectric horn and magnetic reed switch can be controlled
easily as well, using the general-purpose port pins available on the MAXQ2000.

The MAXQ2000
interfaces easily and
directly to LCD displays
by means of its
dedicated LCD controller
peripheral.




