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This application note addresses several methods used to trim or calibrate the
internal clock generator (ICG)’s internal reference generator (IRG) residing on
the MC9S08GB/GT Family of microcontrollers. (The MC9S08GB/GT Family
will be referred to as the GB/GT Family in this application note.) The IRG is a
low-cost alternative to an external crystal or resonator, since using the internal
reference generator requires no external components. Software is provided for
one of the IRG calibration methods discussed in the document.

The IRG is easy to use as the reference oscillator for the ICG residing on the
GB/GT Family. The IRG is designed to operate at 243 kHz, but can vary in
frequency from part to part by as much as +25% due to processing variations
in manufacturing. This family’s IRG is designed such that it can be trimmed by
up to £25% to obtain the desired 243-kHz base frequency. Once trimmed, the
IRG will remain calibrated to within £5% of the trimmed frequency across the
operating temperature and voltage range of the GB/GT Family microcontroller.

The GB/GT Family’s ICG has frequency-lock loop (FLL) circuitry which allows
the IRG to be multiplied and divided by various integer values to obtain bus
clock frequencies ranging from approximately 34.47 kHz to approximately
19.99 MHz when calibrated. When the IRG is used as the reference clock for
the GB/GT Family, the ICG will be placed in mode 3: FLL engaged-internal
(FEI) by the user software. FEI mode means the system will use the IRG as a
reference frequency and the FLL will be used to multiply and/or divide the
243-kHz reference for use by the system to create the bus clock. Actual setup
and use of the ICG is beyond the scope of this document and is discussed in
AN2494, Configuring the System and Peripheral Clocks in the MC9S08GB/GT.
Also, refer to the GB/GT Family data sheet (MC9S08GB60/D) for more
information.
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Advantages of Using
the Internal
Reference Generator

Uncalibrated
Operation of the
Internal Reference
Generator

Frequency/Period
versus Trim Value

The IRG clock reference source:

* Requires no external components
« Does not require any pins
e Starts up very quickly after being powered down

» Provides a reference clock to the system of sufficient accuracy to be
used by its SCI (when calibrated)

Extra cost associated with purchasing, maintaining inventory, and assembling
the external components is eliminated. The I/O pins normally associated with
the oscillator (XTAL and EXTAL) are free for use with other chip functions such
as general-purpose 1/O.

In a system that has relatively loose timing requirements (where up to £25%
bus frequency variations can be tolerated), no IRG calibration is necessary.
When the IRG is not calibrated, the ICG maximum bus frequency in mode 3
must be limited to 15.55 MHz nominal frequency. Any higher frequency could
exceed the ICG’s maximum bus frequency of 20 MHz.

When operating in mode 3, the higher speed bus frequency selections are
17.77 MHz and 19.99 MHz nominal. These nominal bus frequencies require a
calibrated 243-kHz reference.

The 15.55-MHz maximum nominal frequency choice will assume the 243-kHz
reference oscillator could be running untrimmed as fast as 125% of its nominal
frequency. The next fastest frequency choice in mode 3 would be 17.77 MHz.
If the untrimmed 243-kHz oscillator is operating at 125% of its nominal
frequency, using any higher bus frequency than 15.55 MHZ would exceed the
maximum operating frequency of 20 MHz.

The 15.55-MHz selection, operating with the IRG uncalibrated at +25% of its
nominal frequency will yield a bus frequency ranging from 11.66 MHz to
19.44 MHz.

The IRG frequency can be trimmed by +25% by writing an 8-bit value to the trim
register (ICGTRM). This trim value is set to $80 after any reset. Increasing the
value of ICGTRM by 1 increases the period (decreases the frequency) of the
oscillator by approximately 0.2%. Respectively, decreasing the value of
ICGTRIM by 1 decreases the period (increases the frequency) of the oscillator
by approximately 0.2%.

In an ideal circuit, the trim value would be perfectly linear in relation to the clock
period. However, due to parasitic effects and wafer fabrication variations, this
relationship is not perfectly linear. Also, circuit board layout and especially the
placement of the Vpp to Vgg bypass capacitors in relation to the Vpp/Vgg pins
can influence the resulting period due to system noise. Placing these power
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supply bypass capacitors very close to the Vpp and Vgg pins improves IRG as
well as overall system performance.

Figure 1 shows an oscillator period versus trim value plot of an ideal device.
The ideal plot is calculated starting at a trim value of $80 (128 decimal). The
default bus period is derived from the value at $80 (in this case, 4.11 ps). In an
ideal device, the period would increase 0.2% for each increment of 1 in the
OSCTRM register.
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Figure 1. Oscillator Period vs. Trim

The ideal waveform is perfectly linear; however, the actual period curves
typically have a slight saw-toothed characteristic that can result in a
non-monotonic relationship. Both the saw-tooth and the non-linearity are a
result of two characteristics of the internal capacitors, which are switched in and
out based on the trim value. First, these internal capacitors do not match each
other perfectly due to wafer fabrication irregularities. Second, there is also
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Why Trimis not Linear
versus Frequency

parasitic capacitance internal to the chip. Both of these characteristics result in
a non-ideal curve.

Due to the non-ideal period versus trim value relationship, Freescale
recommends that the period be measured after each new trim value written
during the trimming process, until the result is within the desired range.

The trim value adjusts the time constant of the oscillator. This time constant is
mostly linear compared to the period, and therefore it is inversely related to
frequency. Figure 2 shows the same data as Figure 2, except as oscillator
frequency versus trim value.
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Figure 2. Oscillator Frequency vs. Trim

A FLASH location has been reserved to store the trim value after a calibration
routine has been performed. This location is called NVICGTRIM and resides at
memory address $FFBE. This location is not automatically loaded into the
ICGTRM register after a system reset. It is the responsibility of the user to copy
this value into ICGTRM if needed. The value of OSCTRIM is used when the
ICG is operated in mode 3, FLL engaged internal (FEI) by user software.
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This section will describe in detail reliable methods for trimming the internal
reference generator to within 0.4% of its ideal frequency of 243 kHz.

Auto-Trimming This section will discuss and give detailed examples of these auto-trimming
Methods methods:

* Linear search

e Sequential search

* Binary search

» lterative linear search

All of these trim methods require an external reference clock to be fed into
either a timer channel or a general-purpose I/O port. This reference clock
should be at least 100 times slower than the bus clock. If the reference clock is
much faster than this, the MCU will not have enough resolution to calculate an
accurate trim value.

After finding a suitable trim value, the value should be programmed into FLASH
memory, NVICGTRIM located at $FFBE. As part of the reset routine of the
main user code, the value in NVICGTRIM should be copied into the ICGTRM
register.

Linear Search The linear search assumes that the oscillator period is linear with respect to the
trim value. To calculate the trim value, the period of the reference clock is
measured by either using the timer input capture or by counting loop executions
for one cycle of the reference. This measured value is compared to an
expected value and a percentage difference between the expected and actual
values is generated. Since a change of 1 to the trim value represents a change
of approximately 0.2% to the period, divide the percentage difference by 0.2%
to get a trim offset.

If the actual measurement of the reference was greater than the expected, the
oscillator is running too fast; slow it down by adding the offset to the current
ICGTRM value. If the actual measurement was lower than the expected, speed
up the oscillator by subtracting the offset from the current ICGTRM value.

This method can be simplified by setting up the timer or counting loop such that
a difference of 1 in the counts is equal to a 0.2% difference in frequency.

The drawback to this method is that the oscillator period is not exactly linear to
the trim value. Therefore the result could be off by as much as 5%.

Sequential Search Set ICGTRM to the highest or lowest value ($FF or $00), measure the period
of the reference clock as shown in Linear Search, and if the measurement
does not equal the expected value, decrement or increment ICGTRM by 1 and
try again. Keep repeating until a match is found.
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Binary Search

Iterative Linear
Search

Assembly Code
Examples

There are two drawbacks to this method. First, on average, it would require
128 iterations before the correct trim value is found. Second, provisions must
be in place in case a perfect match is not found. This can be accomplished by
saving the smallest difference between expected and actual measurements
and saving the trim value that produced this difference. Doing this requires
calculating the smallest difference after each measurement.

Starting with the reset value of ICGTRM, $80, measure the reference clock
period and compare to the expected value. If the actual value is higher, the
oscillator is running too fast; slow it down by adding $40 to ICGTRM.
Otherwise, it is too slow; speed it up by subtracting $40 from ICGTRM. Repeat
this process seven more times, each time dividing the number to be added
to/subtracted from ICGTRM by half. After eight iterations, the trim value should
be set.

The drawback to this method is that since the saw-toothed relationship
between the trim value and period results in non-monotonic trim values, the
binary search could hit a peak or valley that is severe enough to cause the
search to branch in the wrong direction. This could cause the final trimmed
period to be off by a couple of percent. This can be overcome by using the
binary search for only five iterations instead of eight. Then switch to a
sequential search for the final three bits of the trim value.

The iterative linear search uses the linear search as its basis. However, instead
of stopping after one measurement of the reference clock, this method
iteratively measures the reference after each update of ICGTRM and continues
until the expected and actual values match.

The drawback to this method is that due to the saw-toothed irregularities in the
trim curve, the search could bounce back and forth between values and never
settle into the correct value. To avoid this, the iterations should be counted.
After a defined number of loops, the routine switches to a sequential search to
settle into the correct value.

The iterative linear search method is used for the code examples, although any
of the above methods are acceptable as long as they meet the user’'s need. The
two versions of the code have different reference clock sources. In the first
example, an RS-232 terminal is used to provide the reference clock by sending
a specific character (in this case the @ character) into a timer channel at
9600 baud. In the second example, a 60-Hz square wave is created from an ac
power line to provide the reference clock into the timer channel.
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The Program This auto-trim program uses the iterative linear search to find the best trim
value to set the frequency of the IRG to 243 kHz. There are as many as a total
of eight timer input capture/output compare channels on the GB/GT Family,
depending on the particular device and package. Two timer channels are used
by the calibration program. An input capture channel is used to capture the
external timing reference. A timer output compare channel is used as a “user
interface” to output a square wave frequency to verify completion of the
calibration task. Both of these timer channels are selected by the user and can
be any two of the available timer channels on the GB/GT Family. The timer
channels to be used are selected in the assembly code by setting two of eight
conditional assembly switches to logic 1. The rest of the switches must be set
to logic 0. The input capture and output compare channels must not be the
same channel. An equate file named 9S08GB_GT_Timer_Selection.inc is
common to both the 9600-baud and 60-Hz reference input frequency
programs. The user will select the input capture and output compare channels
used by the calibration program. The beginning section of the header file
appears as follows:

;*** Conditional assenbly switches and data *******xxkkxkdkkxkdrxkrxxk
NOTE | NPUT AND OUTPUT CHANNEL MUST BE DI FFERENT
Change the one of the follow ng eight TI MERXCHx choices to 1 for the

; timer INPUT channel to be used by the programand the set rest to O.
Then save and reassenbl e the source.

I N_TI MER1CHO equ 1 ; User chooses tiner 1 channel 0 as input in this case
I N_TI MERLCHL equ 0
I N_TI MERLCH2 equ 0
I N_TI MER2CHO equ 0
I N_TI MER2CHL equ 0
I N_TI MER2CH2 equ 0
I N_TI MER2CH3 equ 0
I N_TI MER2CH4 equ 0

Change the one of the follow ng eight TI MERXCHx choices to 1 for the
; timer OUTPUT channel to be used by the programand the set rest to O.
Then save and reassenbl e the source.

QUT_TI MER1CHO equ 0
QUT_TI MER1LCH1 equ 1 ; User chooses tinmer 1 channel 1 as output in this case
QUT_TI MER1CH2 equ 0
QUT_TI MER2CHO equ 0
QUT_TI MER2CHL equ 0
QUT_TI MER2CH2 equ 0
QUT_TI MER2CH3 equ 0
QUT_TI VER2CH4 equ 0

Note, the first conditional assembly switch reads “IN_TIMER1CHO equ 1...".
That assembler directive flags the assembler to use timer 1 channel 0 as the
input for the external reference clock. As an example, to use timer 2, channel 4
as the input for the external reference clock, change the first entry to
“IN_TIMER1CHO equ 0" and the eighth entry to “IN_TIMER2CH4 equ 1"
Then reassemble the program, using the CodeWarrior assembler. Now timer 2,
channel 4 will be used as the input capture channel for the external reference
clock.

Calibrating the MC9S08GB/GT Internal Clock Generator (ICG)

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

AN2496/D

Using the same logic, the line reading “OUT_TIMER1CH1 equ 1...” sets the
output compare channel as timer 1, channel 1. As an example, to use timer 2,
channel 3 as output compare channel, change the entry

“OUT_TIMER1CH1 equ 0...” and the entry to “OUT_TIMER2CH3 equ 1...".
Then reassemble the program, using the CodeWarrior assembler. Now timer 2,
channel 3 will be used as the output capture channel for the program’s
completion output.

Figure 3 shows a flowchart of the calibration program. The program starts by
initializing the microcontroller’s configuration registers, timer, and a few RAM
variables used by the program. It checks the current value in NVICGTRIM. If
NVICGTRIM is not erased, the program assumes a trim value had previously
been programmed into NVICGTRIM. The value of NVICGTRIM is then loaded
into the ICGTRM register. Control is then transferred to the end of the program
where the selected timer output compare channel’s pin will output a square
wave in the range of 12.4 kHz to 20.8 kHz. At this time, the bus clock is set to
run at approximately 1.6663 MHz, using the trim value from NVICGTRIM. The
selected timer output compare channel’s pin is now being toggled at 1% of the
actual bus clock frequency. The reason for this wide range in frequency is
because the 243-kHz IRG could be +25% of its nominal value if the value in
NVICGTRIM is not an accurate trim value.

This low output frequency on the selected timer output compare channel’s pin
is an indication to the user that the FLASH memory at NVICGTRIM is not
erased. The program could also output this low frequency because of a FLASH
programming error during the NVICGTRIM programming sequence. This
programming error is very unlikely to occur.
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START TRIM
PROCEDURE
ICGTRM =$80,n=1 TRY AGAIN
-————
LOAD TRIMLOC TRIM LOC = $FF WAIT FOR TIMER
INTO ICGTRM INPUT CAPTURE
Y IC RECEIVED
TIMER OUTPUT COMPARE
CHANNEL SET FOR 1%
OF BUS FREQUENCY READ TIMER COUNTER
AND SAVE AS OFFSET
-
END

SUBTRACT OFFSET FROM
CURRENT TIMER COUNT WAIT FOR TIMER
VALUE, SAVE AS ACTUAL INPUT CAPTURE

EXPECTED > ACTUAL COMPARE EXI(DECTEODO< ACTl)JAL
DELTA = B (IRG TOO SLOW) IRG TOO FAST DELTA =
EXPECTED-ACTUAL [ QCTUAL TO EXPECTED | ACTUAL — EXPECTED
VALUE
¢ EXPECTED = ACTUAL ¢
n=n+1 n=n+1
YES YES WRITE ICGTRM YES YES
TO TRIMLOC
NO NO NO NO
ICGTRM = ICGTRM = T'C'V'I_&Ff\ﬁgg Fs)g Egg"%\ff ICGTRM = ICGTRM =
ICGTRM - DELTA ICGTRM -1 OF BUS FREQUENCY ICGTRM + 1 ICGTRM + DELTA
| | | |
! ! !
TRY AGAIN END TRY AGAIN
Figure 3. ICG Calibration Program Flow Chart
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The program initializes the selected timer input capture and output compare
channel pins. The input capture is set to capture rising edges. The first timer
input capture is received at a rising edge of the reference clock. The timer
channel capture registers are read and stored in RAM as an offset value. The
input capture flag is cleared and the program continues to obtain the next rising
edge of the external reference clock. The offset that was saved after the first
input capture is subtracted from the timer value from the second input capture.
The difference between the two is the measured value of the reference clock’s
period. This value is saved in RAM as the actual value.

Note that the program is not concerned with a timer counter overflow when
calculating the actual value. In other words, suppose the offset = $FFF0 and
the second input capture = $013D due to the timer resetting from $FFFF to
$0000. Subtracting $013D — $FFFO will still result in the correct actual value of
$014D.

Once an actual value has been captured, the program will determine if the
oscillator is running too fast, too slow or just right. This judgment is made by
comparing the actual value to the expected value, based on the reference
clock.

If the oscillator is running too fast, the delta is calculated by subtracting the
expected value from the actual value. Otherwise, the delta is calculated by
subtracting the actual from the expected. By setting the timer prescaler value
appropriately in relation to the period of the reference clock, this delta value can
be used to adjust to the ICGTRM value. Later sections in this application note
will explain this in detail.

If the oscillator is too fast, the delta is added to the ICGTRM value. A check is
made to verify that the sum is not greater than $FF. If it is, ICGTRM is set to
$FF, otherwise it is set to the sum of ICGTRM and delta. The program now
returns to obtain another external reference clock time from the pair of input
captures.

If the oscillator is too slow, the delta is subtracted from the ICGTRM value. A
check is made to verify the difference was not less than $00. If itis, ICGTRM is
set to $00; otherwise, it is set to the difference of ICGTRM and delta. The
program now returns to the loop to wait for the next input capture pair.

If the oscillator matches the desired frequency (1.6664 MHz), then the program
jumps out of the loop and programs the ICGTRM value into NVICGTRIM,
located in FLASH memory.

After successful completion of the calibration process, the value of
NVICGTRIM is moved back into ICGTRM. A square wave with a frequency of
10% of the bus clock frequency is output to the selected timer output compare
channel’s pin. The square wave frequency will be very close to 166.63 kHz
(10% of the calibrated CPU bus frequency), its calibrated value. This allows the
user to verify that the correct value is programmed into NVICGTRIM.
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To prevent the case where the ICGTRM value toggles between a higher and
lower trim value without ever settling into the desired trim value, the number of
iterations is tracked in a RAM variable. If after 16 iterations, the trim value has
not been found, the program will change the delta to $01 regardless of the
actual delta. At this point, it should be within a few steps of the desired trim
value. The program will allow another 16 iterations before quitting, using the
last ICGTRM value as the desired value.

Trim RS-232 Terminal By using an RS-232 terminal, the reference clock is provided by repeatedly

as Reference sending the @ character at 9600 baud to the timer channels through an
RS-232 terminal or PC terminal emulator. Figure 4 shows two possible circuits
for connecting an RS-232 port to one of the timer channel inputs. In this
example, the user will have to repeatedly send characters until the trim value
has been found by holding the “@” key down on the terminal. When the
selected timer output compare channel’s pin begins to output a square wave of
approximately 166.63 kHz, the trim value has been found and is programmed
into FLASH. If a 12.4-kHz to 20.8-kHz frequency is output, there has been an
error as previously discussed.
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Figure 4. RS-232 Connection Circuit

For the program to work best, set up the timer and reference clock such that
one increment in the timer count is between 0.4% and 0.2% of the expected
value. Going below 0.2% is beyond the resolution of the trim capabilities of the
oscillator. Going above 0.4% doesn’t take full advantage of the trim capabilities
of the oscillator.
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To calculate the expected value, use the equation:

Expected value = (fgys X Tref) / PS

Where,

faus = the trimmed bus frequency (1.6663 MHz)

T,ef = the period of the reference clock

PS = the prescaler of the timer module or 1, 2, 4, 8, 16, 32, 64, 128

At 9600 baud, each bit is 104.16 microseconds long. The @ character is used
because its hex value is $40 or %01000000. Since RS-232 levels hold the
transmit (Tx) line high between characters, the @ character provides exactly
two rising edges, exactly 2 bit-times apart. With the start (0) and stop bits (1)
added and keeping in mind data is sent LSB, the exact transmission looks like
this:

t |1t fofofJolofoloflofrfofr[1][1]1

Idle line Start “@" character, ASCII $40, sent LSB Skt;i)tp

bit Idle line

The result is two rising edges at 208.3 ps apart. Therefore, T, = 208.3 ps. So,
starting with a timer prescaler, PS = 1, our expected value is:

Expected value = (1.6663 MHz x 208 us)/1 = 346.5 (approximately 347)

The desired timer resolution should be between 0.2% and 0.4% of the
expected value. In this example, with a timer prescaler of 1, the resolution is
1/347 = 0.29%. This is a good value for the program.

One more trick is used to simplify the program. Since the untrimmed frequency
can vary by £25% from the 1.6663-MHz expected value, calculate the
extremes of the expected values:

Expected value = 347 = $15B
+25% = 1.25 x expected value = 1.25 x 347 = 434 = $1B2
—25% = 0.75 x expected value = 0.75 x 347 = 260 = $104

Notice the extreme values fall in a range between $100 and $1FF. This will
enable math to be performed on only the low byte of the external reference
value to obtain a trim value. An example of applying an offset to keep the
program simpler will be shown in the 60-Hz calibration example.
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Trim with 50-/60-Hz An ac power line can be used as a reference clock by using the circuit in
Clock as Reference Figure 4 and routing the output to the timer channel of choice. In this example,

the user will not have to manually provide reference clock pulses since the
square wave generator in this circuit will provide a constant reference clock as
long as the ac power is turned on.

T D1 R1

g ” >> OUTPUT TO MCU TIMER INPUT

1N4001 91k

120 Vac 60 Hz < %

120 Vac 60 Hz <&
12.6 V -

Figure 5. 60-Hz Square Wave Generator

Calculate the expected value and timer prescaler setting using the same
methods as in the RS-232 example. In this example:

faus = 1.6663 MHz

Tref = 1/60 Hz = 16.7 s

Trying a timer prescaler PS = 64, the expected value is:

Expected value = (fgys X Tref) / PS

Expected value = (1.6663 MHz x (1/60 Hz))/64 = 433.9 (approximately 434)

In this case, the resolution is 1/434 = 0.23%. We are using a prescaler value of
64 in this case. This results in expected values of

Expected value = 434 = $1B2
+25% = 1.25 x expected value = 1.25 x 434 =542 = $21E
—25% = 0.75 x expected value = 0.75 x 434 = 325 = $145

If the maximum expected value is left at $21E, perform math on both the high
and low bytes of the captured time during the calibration calculation portion of
the program to determine the delta. However, if an adjustment is subtracted
from both the expected and actual values, the possible range of values
between $100 and $1FF is limited. The high byte can be ignored and all
calculations performed on the low byte only. In this example, an adjustment of
$1F is subtracted from both the expected and actual values, resulting in arange
of possible actual values from $126 to $1FF and an expected adjusted value of
$194.
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Running the Calibration Program

Both the 60-Hz or 9600-baud calibration programs are designed to execute in
the RAM on the GB/GT Family microcontrollers. Both programs assume the
user has erased FLASH at NVICGTRIM ($FFBE). NVICGTRIM is the FLASH
location where the trim or calibration value will be stored at the conclusion of
the calibration procedure.

First, the user must determined whether a 60-Hz or 9600-baud external timing
reference source will be used to perform IRG calibration. That choice will
determine which program to load into the microcontroller. If the default timer
input capture (T1CHO) and output compare (T1CH1) channels are not
selected, the user must change the statements in the header file, pick a new
timer(s), and re-assemble the program before proceeding.

If the user selects the 9600-baud external reference clock, a terminal or
terminal emulator set to 9600 baud, one stop bit and no parity will be needed.

To perform the IRG calibration, perform the following steps:

1. Connect the external timing reference (60-Hz or 9600-Baud) to the
selected timer input capture channel.

2. Connect the P&E multi-link cable to the back ground debug port on the
PC board containing the GB/GT Family microcontroller.

3. Connect an oscilloscope or frequency counter to the selected timer
output compare channel pin.

4. Apply power to the system.

5. Verify NVICGTRIM at $FFBE is erased and equal to $FF, using the
debugger.

6. Load the appropriate oscillator trim program with the debugger for the
60-Hz or 9600-baud external reference clock.

7. Using the debugger, type RESET (cr) and then G 80 (cr).
8. If you are not using a 9600-baud reference clock, skip to step 10

9. If you are using the 9600-baud reference clock, hold the @ key down
until there is an output on the selected timer’s output compare pin.

10. There will be a square wave output to the selected timer output compare
channel pin at the conclusion of the calibration procedure. It will be on
one of two forms:

— There will be a frequency very close to 166.63 kHz if the calibration
is successful. The procedure is complete at this time.

— If there is a square wave in the range of 12.4 kHz to 20.8 kHz, an
error was detected. The wide range is because the IRG may not be
calibrated. The most likely reason for this error is NVICGTRIM was
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Downloading and Using the Accompanying Software

not erased when the calibration program was executed. At this time,
the IRG will use the value found in NVICGTRIM as a trim value. With
the debugger, verify NVICGTRIM is erased and if it is not, erase it
and repeat the procedure. A second and very unlikely error could
result from a FLASH programming error during the FLASH
programming process. If NVICGTRIM is, in fact, erased and you
suspect a FLASH programming error, repeat the procedure. That will
verify the presence of the unlikely programming error.

Downloading and Using the Accompanying Software

Two zip files accompany this application note, AN2496SW1.zip and
AN2496SW2.zip. AN2496SW1.zip contains the assembly files for both the
9600-baud and 60-Hz versions of the IRG calibration programs along with the
necessary equate files. This zip file does not contain compiled versions of the
programs.

AN2496SW?2.zip contains two complete project folders, one for each version of
the calibration program. These project directories are for use with MetroWwerks
CodeWarrior for CW08_V3.0. The folders are named 9S08GBGT_IRG_Cal_
9600 and 9S08GBGT_IRG_Cal_ 60Hz. Inside the first level of each project
folder is a CodeWarrior project file with a “.mcp" filename extension. Double
clicking these files will open the project if CodeWarrior has been installed. Each
project has been assembled, and listings (".Ist" file extensions) are available in
the "bin” subfolders. Also, the s-records (".s19" file extensions) are available in
the same folder.

Conclusion

The internal clock generator is a new module on the HCS08 Family of
microcontrollers. It has the advantages of requiring no external components
and conserving I/O pins on the device when the internal reference generator is
used. The characteristics of this oscillator make it accurate over temperature
and voltage variations once it has been trimmed. The IRG is an ideal clock
source for low cost systems.
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Appendix A: Timer Selection Header File

The following is the common header file used by both calibration programs to
select the input capture and output compare channels used by the IRG
calibration program.

IR R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
;* Filenanme: 9S08GB_GT_Tiner_Sel ection.inc Copyright (c) 2003

B I O I o O O kO o
;

B I O o O O O o O R S O O O O S
;

;* Oscillator Trim Routine for 9S08GB/ GI' Fanmily Bill Lucas/Scott Pape

-k
1

* Rev:

* Rev:
- %

1.0 Dat e: 18Jul y2002 Scott Pape for QT
1.1 Dat e: 2January2003 Bill Lucas Ported to 9S08GB/ GT
IR R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEESS

EE R O S O R O R O O R O O

-k
1

;* Freescale reserves the right to make changes wi thout further notice
;* to any product herein to inprove reliability, function, or design.
;* Freescale does not assune any liability arising out of the

;* application or use of any product, circuit, or software described
;* herein; neither does it convey any license under its patent rights
;* nor the rights of others. Freescale products are not designed

;* intended, or authorized for use as conponents in systens intended
;* for surgical inplant into the body, or other applications intended
;* to support life, or for any other application in which the failure
;* of the Freescale product could create a situation where persona

;* injury or death may occur. Should Buyer purchase or use Freescale
;* products for any such intended or unauthorized application, Buyer
;* shall indemify and hold Freescale and its officers, enployees

;* subsidiaries, affiliates, and distributors harm ess agai nst al

;* clains, costs, danmges, and expenses, and reasonable attorney fees
;* arising out of, directly or indirectly, any claimof persona

;* injury or death associated with such unintended or unauthorized

;* use, even if such claimalleges that Freescale was negligent

;* regarding the design or manufacture of the part.

-k
,

;* Freescale and the Freescale | ogo are regi stered trademarks of

- %

;* Freescale, Inc.

EEE S I S I I S I I S I I S S I S O I S I I I I S I I S I S I S S S I S
;

;*** Conditional assenbly switches and data ******xxkkkrskkkskdxkkhdkkx
; NOTE | NPUT AND OUTPUT CHANNEL MUST BE DI FFERENT

; Change the one of the follow ng eight TIMERXCHx choices to 1 for the
; timer INPUT channel to be used by the program and the set rest to O
;. Then save and reassenbl e the source

I N_TI MERICHO equ 1 ;User chooses tinmer 1 channel O

I N_TI MERICHL equ 0 ; as input in this case
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I N_TI MER1ICH2 equ
I N_TI MER2ZCHO equ
I N_TI MER2CH1 equ
I N_TI MER2ZCH2 equ
I N_TI MER2CH3 equ
I N_TI MER2CH4 equ

[eNeololNoNoNel

; Change the one of the follow ng eight TIMERXCHx choices to 1 for the
; timer OUTPUT channel to be used by the programand the set rest to O.
Then save and reassenbl e the source.

OUT_TI MERLICHO equ 0

QUT_TI MER1CH1 equ
OUT_TI MERLCH2 equ
QUT_TI MER2CHO equ
QUT_TI MER2CH1 equ
QUT_TI MER2CH2 equ
OUT_TI MER2CH3 equ
OUT_TI MER2CH4 equ

; User chooses tinmer 1 channel 1
; as output in this case

[oNeNelolNoNol

; Input channel data:

I F IN_TIMERICHO ;if true, choose tiner 1, channel 0
I N_TPMSC equ TPMLSC
I N TPMKCnSC equ TPMLCOSC
I N_TPMKCnVH equ TPMLCOVH

ENDI F

I F IN_TIMERICHL ;if true, choose tiner 1, channel 1
I N_TPMSC equ TPMLSC
I N_TPMKCnSC equ TPMLC1SC
I N_TPMKCnVH equ TPMLC1VH

ENDI F

I F IN._TIMERICH2 ;if true, choose tiner 1, channel 2
I N_TPMSC equ TPMLSC
I N_TPMKCnSC equ TPMLC2SC
I N_TPMKCnVH equ TPMLC2VH

ENDI F

I F IN_TIMER2CHO ;if true, choose tiner 2, channel 0
I N_TPMSC equ TPM2SC
I N_TPMKCnSC equ TPM2COSC
I N_TPMKCnVH equ TPM2COVH

ENDI F

IF IN_TIMER2CHL ;if true, choose tiner 2, channel 1
I N_TPMSC equ TPM2SC
I N_TPMKCnSC equ TPM2CLSC
I N_TPMKCnVH equ TPM2C1VH

ENDI F

IF IN_TIMER2CH2 ;if true, choose tiner 2, channel 2
I N_TPMKSC equ TPM2SC
I N TPMKCnSC equ TPM2C2SC
I N_TPMKCnVH equ TPM2C2VH
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ENDI F
IF IN._TIMER2CH3 ;if true, choose tiner 2, channel 3

IN.TPMKSC  equ TPM2SC

I N_TPMKCnSC  equ TPM2C3SC

I N_TPMKCnVH  equ TPM2C3VH
ENDI F

| F IN TIMER2CH4 ;i f true, choose tiner 2, channel 4
I N_TPMKSC equ TPM2SC
I N TPMKCNSC equ TPMRCASC
I N TPMKCnVH equ TPMRCAVH

ENDI F

; CQut put channel data:

I F QUT_TI MER1ICHO ;if true, choose tinmer 1, channel O
QUT_TPMWKSC  equ TPMLSC
OUT_TPMkCnSC equ TPMLCOSC
QUT_TPMkCnVH equ TPMLCOVH
QUT_TPMkCnVL equ TPMLCOVL
OUT_TPMKMODH equ TPMLMODH
OUT_TPMKMODL equ TPMLMODL
ENDI F

| F OUT_TIMERICHL ;if true, choose timer 1, channel 1
QUT_TPMKSC equ TPMLSC
QUT_TPMkCnSC equ TPMLC1SC
QUT_TPMkCnVH equ TPMLC1VH
QUT_TPMkCnVL equ TPMLC1VL
QUT_TPMKMODH equ TPMLMODH
QUT_TPMKMODL equ TPMLMODL
ENDI F

I F QUT_TIMERLICH2 ;if true, choose timer 1, channel 2
QUT_TPMKSC  equ TPMLSC
QUT_TPMkCnSC equ TPMLC2SC
QUT_TPMkCnVH equ TPMLC2VH
QUT_TPMKCnVL equ TPMLC2VL
OUT_TPMKMODH equ TPMLMODH
OUT_TPMKMODL equ TPMLMODL
ENDI F

| F OUT_TI MER2CHO ;if true, choose timer 2, channel 0O
QUT_TPMKSC equ TPM2SC
QUT_TPMkCnSC equ TPM2COSC
QUT_TPMkCnVH equ TPM2COVH
QUT_TPMkCnVL equ TPM2COVL
QUT_TPMKMODH equ TPM2MODH
QUT_TPMKMODL equ TPM2MODL
ENDI F

IF QUT_TIMER2CHL ;if true, choose timer 2, channel 1
OQUT_TPMKSC  equ TPM2SC
QUT_TPMkCnSC equ TPM2CL1SC
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OUT_TPMKCnVH
OUT_TPMkCnVL
OUT_TPMKk MODH
OUT_TPM MODL

OUT_TPMKSC
OUT_TPMKCnSC
OUT_TPMKCnVH
OUT_TPMKCnVL
OUT_ TPV MODH
OUT_ TPk MODL

OUT_TPMKSC
OUT_TPMKCNnSC
OUT_TPMKCnVH
OUT_TPMKCnVL
OUT_ TPk MODH
OUT_TPMkMODL

OUT_TPMKSC
OUT_TPMKCnSC
OUT_TPMKCnVH
OUT_TPMKCnVL
OUT_ TPV MODH
OUT_ TPk MODL

equ
equ
equ
equ
ENDI F

I F
equ
equ
equ
equ
equ
equ
ENDI F

I F
equ
equ
equ
equ
equ
equ
ENDI F

I F
equ
equ
equ
equ
equ
equ
ENDI F

Freescale Semiconductor, Inc.
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Appendix B: HCS08 Assembly Code Example for RS-232

TPM2C1VH
TPM2CLVL
TPM2MODH
TPM2MODL

QUT_TIMER2CH2 ;if true, choose timer 2, channel 2
TPM2SC

TPMR2C2SC

TPMR2C2VH

TPM2C2VL

TPV2 MODH

TPM2MODL

QUT_TIMER2CH3 ;i f true, channel 3
TPM2SC

TPM2C3SC

TPM2C3VH

TPM2C3VL

TPM2 MODH

TPM2MODL

choose tiner 2,

QUT_TI MER2CH4 ;i f true, channel 4
TPM2SC

TPMR2CASC

TPMR2CAVH

TPMRCAVL

TP\V2 MODH

TPM2MODL

choose timer 2,

Appendix B: HCS08 Assembly Code Example for RS-232

The following is the assembly code listing for trimming the internal oscillator to
243 kHz using a 9600-baud RS-232 terminal as the reference clock.

Met r oner ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987- 2003

code

Source line

BRI I I kR I
;

;* Filenane: 9S08GB_GT_I| RGTRI M _9600. asm Copyright (c) 2003

IR EEEEEEEEEEEEREEEEEEEEEEREREESEESEEEREEEEEEEEEREEREEEEEEEEEEEEEEEEEEEERESES
;

IR EEEEEEEEEEEEEEEEEEEEEEEREEREEEEEEEEREEEEEEEEEREEREEEEEEEEEEEEREEEEEEEERESES

;* Oscillator TrimRoutine for 9S08GB/ GI Family Bill

3
’

i * Rev:

Lucas/ Scott Pape

1.0 Date: 18Jul y2002 Scott Pape
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

E N I S R B R B N D T I T I T N N N S S S S N N R N T N N S SN I I S N S S S T R I R S N S S N .

* *

Rev: 1.1 Date: 2January2003 Bill Lucas Ported from QIx to 9S08GB/ GT

This program wll trimthe internal 243 kHz | CG reference
oscillator. The ICGis set to run fromthe 243 kHz internal
oscillator with the FLL engaged to clock the CPU bus at 1.6663 Miz.
Timer 1 channel 0 is used to neasure the period of an external 9600
baud calibration reference clock. Tinmer 1 channel 1 is used to

out put 10% of the 1.6663 Mz CPU bus frequency after the
calibration process.

The ICGTRM value is nodified if the nmeasured value is higher or

| ower than the expected value. Once the proper trimvalue is found,
it is progranmmed into the NVI CGTRI M (| ocated at $FFBE) storage
location in Flash. The user code MJST copy the value of NVICGIRI M
into the 1CG | CGTRM regi ster at the beginning of his application
code.

Usage Not es:

1. This programrequires a 9600 baud reference signal connected to
Timer 1, channel 0 (PTDO/ TPMLCHO), or the timer of your choice.

2. The program assunes Flash at |ocation NVICGTRIM ($FFBE) is
erased.

3. Code for this programis |oaded into and executes in RAM

4. After |oading the code into RAM and connecting the 9600 baud
signal to tinmer 1 channel 0, through the debugger, execute a
RESET and GO 80 conmand.

5. At the conclusion of successful ICG calibration, 10% of the bus
clock frequency will be outputto tiner 1 channel 1 The frequency
of timer 1 channel 1 will be very close to 166.63 kHz. If an
error occurs because Flash at NVI CGTRI M was not errased or a
Fl ash programming error was detected timer 1 channel 1,will
toggle in the range from12.4 kHz to 20.8 kHz, indicating the
error.

Rk S R R e o Sk S S R SR O kb S S IRk S b Sk Sk S R R R S S S R T

khkkhkkhkkhkhkhkhkhkhkhkdhkhkhkhkhhhkdhhdhkhhhkdkhhdrkhdhdhhdrhkdrhddxdkrhkdkrhkdrxdrrdkrrkdxdxirx

Freescale reserves the right to nake changes w thout further notice
to any product herein to inprove reliability, function, or design.
Freescale does not assunme any liability arising out of the
application or use of any product, circuit, or software described
herein; neither does it convey any license under its patent rights
nor the rights of others. Freescale products are not designed

i ntended, or authorized for use as conponents in systems intended
for surgical inplant into the body, or other applications intended
to support life, or for any other application in which the failure
of the Freescale product could create a situation where persona
injury or death may occur. Should Buyer purchase or use Freescale
products for any such intended or unauthorized application, Buyer
shall indemify and hol d Freescale and its officers, enployees
subsidiaries, affiliates, and distributors harn ess agai nst al
claims, costs, danmmges, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claimof persona
injury or death associated with such uni ntended or unauthorized
use, even if such claimalleges that Freescale was negligent
regardi ng the design or manufacture of the part.
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Appendix B: HCS08 Assembly Code Example for RS-232

;* Freescale and the Freescale | ogo are registered trademarks

Met r oner ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987- 2003

Loc nj. code

0080 20 06

0082
0083
0084
0085
0086
0087

0000 0000
0000 0001
0000 005B
0000 087F
0000 0020
0000 0000
0000 0001
0000 0004
0000 0031

0088 45 087F
008B
0oscC
008F
0091

1802
42
1802

QXQR

0094 6E 08 30

0097 6E 28 48
009A 6E 12 49
009D 07 4A FD

Source line

;* Freescale, Inc.

IR I R S I R R I I
)

)

;*** InC| ude 9808@60 equate fl | e R R S S S I S O O

i ncl ude "9S08GB60v1r3.inc" ;1/O definitions

;*** Begl nl ng Of RAM I\krmry ER R R S S O

org
bra

Rantt ar t
Start

;*** equates for RAMvariabl es and Constants ******xkxxxkdkrdkdxkdkdxssx

SyncOf fsetH: ds
SyncOf f setL: ds

Act ual H: ds
Act ual L: ds
Del t a: ds
LoopCnt : ds
Adj ust: equ

Expect edH: equ
Expect edL: equ

st ack: equ
byt e_pgm equ
zero: equ
one: equ
four: equ

forty_nine equ

1 ;Timer offset hi byte

1 ;Timer offset lo byte

1 ; Timer count hi byte

1 ; Timer count |lo byte

1 ; Actual delta from expected

1 ; Count how many measurenents taken
$0 ; Adj ust offset to get val $100-$1FF
$1 ;range is $104->1B2, ideal = $15B
$5B- Adj ust ; Expected Tinmer value if trinmed
$87F ;This will work for GB/GT 32 or 60
$20 ; Command to program a single byte
0 ; Constant O

1 ;Constant 1

4 ;. Constant 4

49 ; Const ant 49

pRFxx%kxx jnclude "9S08GB_GT_Tiner_Sel ection.inc" ;1 C/OC timer *x**x*x*

Start: | dhx
t Xs
| da
and
sta

nmov
nov

nov
| ock_l oop: brclr

sk kK '\/HI n EE R S O O O

#st ack
; SP<- (H: X)
SOPT
#( mCOPT| nBKGDPE)
SOPT ;di sabl e the COP

#MCLKSA, OUT_TPMKSC ; Use BUSCLK as tiner clock

#( MREFS| nCLKS0) , | CGC1 ; xtal and FLL internal
#(mMvFDO| nRFD1) , 1 CGC2  ;multiply by 6 and div by 4
LOCK, | CGS1, | ock_l oop ;wait for FLL lock @1.6 MHz
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114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

00A0
00A3
00A4

00A6
00A8
00AA
00AC
00AE

00BO
00B3

00B6
00B8

00BA

43
26

3F
3F
3F
3F
3C

6E
6E

B6
1F

FFBE

87
84
85
86
87

08
04

35
35

30
35

0173

Freescale Semiconductor, Inc.

AN2496/D

Tr yAgai n:

| oop:

Met r ower ks HCO8- Assenbl er
(c) COPYRI GHT METROWERKS 1987- 2003

Rel .
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

82
84
85
00
85
5B
55
1D
5B
86
4E
FF
49
87
87
01
86
02
FF
4E
B2
5B
85

code

46
03
86

Source line

AddDel t a:

AddTrim

TooSl| ow:

| da
coma
bne

clr
clr
clr
clr
inc

| da
belr

jsr

st hx
jsr
t xa
sub
sta
pshh
pul a
shc
sta
| da
sub
sta
cnp
beq
bl o
sub
sta
| da
cnp
beq
br set
brclr
nmov
add
bcc
| da
sta
bra
| da
sub

NVI CGTRI M ;Current stored Trimval ue.
; $FF -> $00
Trimerror ;1 f Trim<> $FF, Not erased skip cal
LoopCnt ;lnitialize the iteration counter
Actual H
Act ual L
Delta
LoopCnt ;lncrement iteration count

#(NCLKSA) , I N TPMKSC ; bus clk & div by 1
#NMELS1A, | N TPMKCnSC ; capture on rising edge only

IN_TPMKCNSC  ;dummy read of the status register
CHOF, | N_TPMKCnSC ; conplete clearing if it was set

read_tiner ;get the first edge

SyncOf f set H
read_ti mer

;save for |ater

;get the second edge

;1 ow byte of secont edge tine
;conmpute the tine difference
;1 ow byte of Actual

;high byte of second edge tine

SyncOf f set L
Actual L

SyncOf f set H

Actual H ;high byte of Actual

Actual L ; Adj ust the Actual value so...
#Adj ust ;...the range fits into 1 byte
Actual L

#Expect edL ; Conpare Actual w th Expected val ue
Cot Trim ;1f equal, osc is trimed!
TooS| ow ;1f lower, osc is too slow
#Expect edL ; Gtherwi se, osc is too fast
Delta ;Cal cul ate Delta from Act - Exp
| CGTRM

#3$FF :Check if trinme$FF

Cot Trim if true, can't slow nore

5, LoopCnt, Got Trim ; bi t 5=32 | oops=limt
4, LoopCnt, AddDel ta ;bit4 = 16 | oops

#$01, Del ta ;after 8 loops, just add 1
Delta ;acca still has OSCTRI M
AddTrim ;did carry bit get set?
#SFF ;if carry set, max osctrim

| CGTRM ;Trimincreases to slow freq
TryAgai n ; Try new val ue

#Expect edL

Actual L
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162 OOFA B7 86 sta Delta ;Cal cul ate Delta from Exp- Act

163 OOFC B6 4E | da | CGTRM

164 OOFE 27 2C beq GotTrim ;if true, can't speed-up nore

165 0100 OA 87 29 brset 5, LoopCnt, GotTrim ;bit5=32 | cops=limt

166 0103 09 87 03 brclr 4, LoopCnt, SubDelta ;bit4 = 16 | oops

167 0106 6E 01 86 nmov #$01, Del ta ;after 8 loops, just add 1

168 0109 BO 86 SubDel t a: sub Delta

169 010B 24 02 bcc SubTrim ;did carry bit get set?

170 010D A6 FF | da #SFF ;if carry set, mn osctrim

171 010F B7 4E SubTrim sta | CGTRM

172 0111 20 95 bra TryAgai n

173

174 p**xx%xx Toggle PTDL @12.4 kHz to 20.8 kHz if we have an error *****x
175 ;* There are two reasons to be here:

176 ;* 1). NVICGTRIMis not errased

177 ;* 2). There was a Flash error during prog'ing. This error is rare.
178

179 ; The following tiner code will output 1% of the CPU BUSCLOCK to

180 ; the sel ected output conpare channel for |CG frequency nonitoting
181

182 0113 C6 FFBE Trimerror: I|da NVI CGTRI M ;Current Trimval ue.

183 0116 B7 4E sta | CGTRM ;Use the value that's there

184 0118 6E 08 30 nmov #nMCLKSA, OQUT_TPMKSC ; Use BUSCLK as tinmer clock

185 011B 6E 14 38 nmov #( mMVB1A| nELS1A) , QUT_TPMKCnSC ; Toggl e on out put cnp
186 011E 6E 00 33 nov #zer o, OUT_TPMMODH

187 0121 6E 31 34 nmov #forty_nine, QUT_TPMKMCODL ; Ti mer nodul o reg = 49
188 0124 6E 00 39 nov #zer o, OQUT_TPMCnVH

189 0127 6E 01 3A nmov #one, QUT_TPMKCnVL ; Ti mer output conpare at 1

190 012A 20 FE bra $ ;Let the output TPM pin toggle

191 ;at 1% of BUSCLOCK to indicate error
135 ;*** Program TI’I mval ue to Fl ash R R S S I I
194

195 012C AD 16 GotTrim bsr PrgTrim ; Program the Trim val ue

Met r ower ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987-2003

Rel. Loc bj. code Source |ine

196 012E C6 FFBE | da NVI CGTRI M ; Read value fromFlash to nake sure
197 0131 B7 4E sta | CGTRM ;Verf trimvalue is prog'ed in flash
198

199 ; The following tiner code will output 10% of the CPU BUSCLOCK to

200 ; the selected output conpare channel for |CG frequency nonitoting

201

202 0133 6E 14 38 nmov #( mMVB1A| nELS1A) , QUT_TPMKCnSC ; Toggl e on out put cnp
203 0136 6E 00 33 nov #zer o, OUT_TPMMODH

204 0139 6E 04 34 nmov #f our, QUT_TPMKMODL ; Ti ner nodul o register = 4

205 013C 6E 00 39 nov #zer o, OQUT_TPMCnVH

206 013F 6E 01 3A nmov #one, QUT_TPMKCnVL ; Ti ner output conpare at 1

207

208 0142 20 FE bra $ ;Let selected output TPM pin toggle
209 ; at 10% of BUSCLOCK to indicate conpletion
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210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259

0144
0145
0147
014A
014C

014F
0151
0154
0156
0159
015C
015E
0161
0163
0166
0168
016A
016D
016F
0171
0172

87
A6
o7
A6
Cr

XR@3RYRAZXY

27
86

30
1825
08
1820

4E
FFBE
20
1826
1825
80
1825
FE
1825
30
A9
1825
40
F9

sk k ok Subroutlnes ProgTrim********************************************

’

;* Changed for GB/ GI Fl ash WL

PrgTrim

Programs the value in the ICGTRMregister into the reserved Fl ash
location for the trimvalue, NVICGIR M @ $FFBE.

Entry Conditi ons:

1. The NVICGIRI M ($FFBE) location in flash is erased ($FF).

2. The I CGTRM regi ster contains the desired trimval ue.

Exit conditions:

1. N\VICGTRIMis progranmed with the value in | CGTRM
2. ICGTRMis not nodifi ed.

3. no registers altered

PrgTrim psha
| da #nFPVI OL| nFACCERR ;error flag bits to clear if set
sta FSTAT ;clear any error flags
| da #nDl V3 ;1.666 MHz/8+1 = 185Khz Fl ash cl ock
sta FCDI V ;divide by 8+1 for 1.66 MHz bus.

This is normally done at start-up, however we
will initialize here to only program one byte

| da | CGTRM ;trimval ue
sta NVI CGTRI M ;place in Flash
| da #byte_pgm ;page wite command
sta FCVD ;initiate the programm ng sequence
| da FSTAT
ora #nFCBEF
sta FSTAT ;1 aunch the command
brn * ;burn bus cycs before chking status
| da FSTAT ;1 ook at status register for errors
and #nFPVI OL| nFACCERR ; error flag bits
bne Trimerror ; check for progranming errors

pgm_| oop: | da FSTAT ;wait around unil prog'ing conplete
and #nFCCF ;command conpl ete yet?
beq pgm | oop ;not done yet..loop until conplete
pul a

EndPrgTrim rts ; done

-k kK SUbrOUtlne read tIITEr EIEE R S S S I R S O R S S

)

)

;* Changed for TB/ GI device WL

read_timer:
Waits for a reference clock positive giong edge, reads the captured
value into H X, clears the input capture flag and returns the tiner
capture value in register H X

Entry Conditions:

None

Met r oner ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987- 2003
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260
261
262
263
264
265
266
267
268
269
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Appendix C: HCS08 Assembly Code Example for 60 Hz

Loc nj. code Source |ine

; Exit conditions:

; Register A destroyed, register X contains the captured tiner val ue
0173 OF 35 FD read_timer: brclr CHOF, I N TPMKCnSC, read_timer ;loop until see edge
0176 55 36 | dhx I N TPMKCnVH ;get the counter value
0178 B6 35 | da IN_TPMKCNSC  ;dummy read of the status register
017A 1F 35 belr CHOF, | N_TPMKCnSC ; conpl ete the clearing process
017C 81 rts

Appendix C: HCS08 Assembly Code Example for 60 Hz

The following is the assembly code listing for trimming the internal oscillator to
243 kHz using a 60-Hz square wave as the reference clock.

Met r ower ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987-2003

Rel .

O~NO O WN P

Loc nj. code Source |ine

DR R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE RIS EEEEEEEEEEEEES
;

;* Filenanme: 9S08CGB_GT_| RGTRI M _60. asm Copyright (c) Freescale 2003
EEE I I I R I O Rk I R I O O
;

EEE I S o O O O
;

;* Oscillator Trim Routine for 9S08GB/ GI Family Bill Lucas/Scott Pape

- %
)

Rev: 1.0 Date: 18Jul y2002 Scott Pape
Rev: 1.1 Date: 2January2003 Bill Lucas Ported from QIx to 9S08GB/ GT

E R T B S T T R B N N N N N T S N S T T

This program wll trimthe internal 243 kHz | CG reference
oscillator. The ICGis set to run fromthe 243 kHz internal
oscillator with the FLL engaged to clock the CPU bus at 1.6663 Miz.
Timer 1 channel 0 is used to neasure the period of an external

60 Hz reference clock. Timer 1 channel 1 is used to output 10% of
the 1.6663 MHz CPU bus frequency after the calibration process.

The ICGTRM value is nodified if the neasured value is higher or

| ower than the expected value. Once the proper trimvalue is found,
it is progranmed into the NVI CGTRI M (| ocated at $FFBE) storage
location in Flash. The user code MJST copy the value of NvVICGIRI M
into the 1CG | CGTRM regi ster at the beginning of his application
code.

Usage Not es:

1. This programrequires a 60Hz reference signal connected to
Timer 1, channel 0 (PTDO/ TPMLCHO), or the timer of your choice.

2. The program assunes Flash at |ocation NVICGTRIM ($FFBE) is
erased.
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Met r ower ks HCO8- Assenbl er

3. Code for this programis |oaded into and executes in RAM

4. After loading the code into RAM and connecting the 9600 baud
signal to tinmer 1 channel 0, through the debugger, execute a
RESET and GO 80 conmand.

5. At the conclusion of successful ICG calibration, 10% of the bus
clock frequency will be outputto tiner 1 channel 1 The frequency
of tinmer 1 channel 1 will be very close to 166.63 kHz. If an
error occurs because Flash at NVICGTRI M was not errased or a
Fl ash progranming error was detected timer 1 channel 1,wll
toggle in the range from12.4 kHz to 20.8 kHz, indicating the
error.

IR I O R S I R R R I S
)

EE O kR O I O I O
’

Freescale reserves the right to nake changes w thout further notice
to any product herein to inprove reliability, function, or design.
Freescale does not assune any liability arising out of the
application or use of any product, circuit, or software described
herein; neither does it convey any license under its patent rights
nor the rights of others. Freescale products are not designed

i ntended, or authorized for use as conponents in systenms intended
for surgical inplant into the body, or other applications intended
to support life, or for any other application in which the failure
of the Freescale product could create a situation where persona
injury or death may occur. Should Buyer purchase or use Freescale
products for any such intended or unauthorized application, Buyer
shall indemify and hold Freescale and its officers, enployees
subsidiaries, affiliates, and distributors harnl ess agai nst al
clainms, costs, danmges, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claimof persona
injury or death associated with such uni ntended or unauthorized
use, even if such claimalleges that Freescale was negligent
regardi ng the design or manufacture of the part.

Freescale and the Freescale | ogo are registered trademarks of
Freescale, Inc.

(c) COPYRI GHT METROVMERKS 1987- 2003

74 0080 20 06

75
76

code

Source line

EE O Ik S kR O S Rk O Rk ko O kR R R o bk O S R R R I O I
’

sk k ok Incl ude 9508(360 equate fl | e REE R I S b S Sk R SRR R o S R R R S S

i ncl ude "9S08@&B60vir3.inc" ;1/O definitions

sk kK Begl nl ng of RAM '\brmry Rk Rk Ik kb O I R o bk

org Rantt ar t
bra Start

;*** equates for RAM variabl es and Constants *****xxkkkkskokkkdkkxkdkkxkkx
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77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

0082
0083
0084
0085
0086
0087

0088
008B
008C
008F
0091

0094

0097
009A
009D

00A0
00A3
00A4

00A6
00A8
00AA
00AC
00AE

00BO
00B3

00B6
00B8

00BA
00BD

Met r ower ks

0000
0000
0000
0000
0000
0000
0000
0000
0000

45 08
94

C6 18
Cr 18
6E 08

6E 28
6E 12

001F
0001
0093
087F
0020
0000
0001
0004
0031

7F

02

02

30

48
49

07 4A FD

C6 FF
43

BE

26 6D

3F 87
3F 84
3F 85
3F 86
3C 87

6E OE 30

6E 04

B6 35
1F 35

CD 01
35 82

35

73
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Appendix C: HCS08 Assembly Code Example for 60 Hz

SyncOf f setH: ds 1 ; Timer offset hi byte
SyncOf fsetL: ds 1 ;Timer offset lo byte
Actual H: ds 1 ; Timer count hi byte
Act ual L: ds 1 ; Timer count |o byte
Del t a: ds 1 ; Actual delta from expected
LoopCnt : ds 1 ; Count how nmany neasurenents taken
Adj ust : equ $1F ; Adj ust offset to get val $100- $1FF
Expect edH: equ $1 ;range i s $145->21E, ideal $1B2
Expect edL: equ $B2- Adj ust ; Expected Timer value if trinmmed
st ack: equ $87F ;This will work for GB/GT 32 or 60
byt e_pgm equ $20 ; Command to program a single byte
zZero: equ 0 ;Constant O
one: equ 1 ;Constant 1
four: equ 4 ; Constant 4
forty_nine equ 49 ; Const ant 49

pRFxxkxxxk fnclude "9S08CGB_GI_Tiner_Selection.inc" ;1 G OC timer **x**xxx

Start:

| ock_I oop:
TryAgai n:
| oop:

HC08- Assenbl er

| dhx
txs
| da
and
sta

nov

nov
nov
brclr

| da
conma
bne

clr
clr
clr
clr
inc

| da
bclr
jsr
st hx

sk kK '\/HI n R Ik I b S SRR R b S R R Ik Rk kI S R Sk kO

#st ack
; SP<- (H: X)
SOPT
#( nCOPT| nBKGDPE)
SOPT ;di sabl e the COP

#NCLKSA, QUT_TPMKSC ; Use BUSCLK as timer clock

#( MREFS| nCLKS0) , | CGC1 ; xtal and FLL internal
#(mvFDO| "RFDL) , 1 CGC2 ;multiply by 6 and div by 4
LOCK, | CGS1, | ock_l oop ;wait for FLL lock @1.6 MHz

NVI CGTRI M ;Current stored Trimval ue.
; $FF -> $00
Trimerror ;1f Trim<> $FF, Not erased skip cal
LoopCnt ;lnitialize the iteration counter
Actual H
Actual L
Delta
LoopCnt Il ncrenment iteration count

#( MCLKSA| mPS2| nPS1), | N TPMKSC ; bus clk & div by 64
#nMELS1A, | N TPMKCnSC ; capture on rising edge only

IN_TPMKCNSC  ;dummy read of the status register
CHOF, | N_TPMKCNnSC ; conplete clearing if it was set

read_ti ner ;get the first edge
SyncOffsetH ;save for later
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(c) COPYRI GHT METROWNERKS 1987- 2003

Rel .
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182

00C9 B2 82
00CB B7 84
00CD B6 85
00CF A0 1F
00oD1 B7 85
00D3 Al 93
00D5 27 52
00D7 25 1D
00D9 A0 93
00DB B7 86
00DD B6 4E
O0DF Al FF
OOEl1 27 46

OOE3 OA 87 43
0O0OE6 09 87 03
0O0OE9 6E 01 86

OOEC BB 86
OOEE 24 02
O0OFO0 A6 FF
00F2 B7 4E
00F4 20 B2
00F6 A6 93
O0F8 BO 85
OOFA B7 86
OOFC B6 4E
OOFE 27 29

0100 OA 87 26
0103 09 87 03
0106 6E 01 86

0109 BO 86
010B 24 02
010D A6 FF
010F B7 4E
0111 20 95

0113 C6 FFBE
0116 B7 4E

code

Source |ine
jsr read_tiner ;get the second edge
t xa ;1 ow byte of secont edge tine
sub SyncOf f set L ;compute the tine difference

sta Actual L ;1 ow byte of Actual

pshh ;high byte of second edge tine
pul a

sbc SyncOf f set H

sta Actual H ; hi gh byte of Actual

| da Act ual L
sub #Ad]j ust
sta Actual L
cnp #Expect edL ; Conpare Actual w th Expected val ue
beq Got Trim ;1 f equal, osc is trinmmed!

bl o TooSl ow ;If lower, osc is too slow

sub #Expect edL :Otherwise, osc is too fast

sta Delta ;Calculate Delta from Act - Exp

| da | CGTRM
cnp #$FF
beq GotTrim

; Adj ust the Actual value so...
;...the range fits into 1 byte

;Check if trinm$FF
i f true, can't slow nore

brset 5, LoopCnt, Got Trim ; bit5=32 | oops=limt

brclr 4, LoopCnt, AddDelta ;bit4 = 16 | oops

nmov #3$01, Del ta ;after 8 loops, just add 1
AddDel t a: add Delta ;acca still has OSCTRI M

bcc AddTrim ;did carry bit get set?

| da #$FF ;if carry set, max osctrim
AddTrim sta | CGTRM ;Trimincreases to slow freq

bra TryAgai n ; Try new val ue
TooSl ow: | da #Expect edL

sub Actual L
sta Delta

| da | CGTRM

beq GotTrim

;Calculate Delta from Exp- Act

;if true, can't speed-up nore

brset 5, LoopCnt, GotTrim ;bit5=32 | cops=limt

brclr 4, LoopCnt, SubDelta ;bit4 = 16 | oops

nmov #$01, Del ta ;after 8 loops, just add 1
SubDel t a: sub Delta

bcc SubTrim ;did carry bit get set?

| da #$FF ;if carry set, min osctrim
SubTrim sta | CGTRM

bra TryAgai n

;*¥*xx%xx Toggle PTDL @12.4 kHz to 20.8 kHz if we have an error *****x
;* There are two reasons to be here:

;* 1). N\VICGTRIMis not errased

;* 2). There was a Flash error during prog'ing. This error is rare.
; The following tiner code will output 1% of the CPU BUSCLOCK to

; the sel ected output conpare channel for |CG frequency nonitoting

Trimerror: |da NVI CGTRI M
sta | CGTRM

;Current Trimval ue.
:Use the value that's there
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184
185
186
187
188
189
190
191
192
193
194
195

0118 6E 14 38
011B 6E 00 33
011E 6E 31 34
0121 6E 00 39
0124 6E 01 3A

0127 20

FE

0129 AD 19
012B C6 FFBE

012E B7

4E
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Appendix C: HCS08 Assembly Code Example for 60 Hz

nmov #( mMVB1A| nELS1A) , QUT_TPMKCnSC ; Toggl e on out put cnp
nmov #zer o, OQUT_TPMMODH
nmov #forty_nine, QUT_TPMKMODL ; Ti mer nodul o reg
nmov #zer o, OQUT_TPMKCnVH
nmov #one, OQUT_TPMKCnVL ; Ti mer output conpare at 1
bra $ ;Let the output TPM pin toggle

cat 1% of BUSCLOCK to indicate error

49

;*** Program Trl m Val ue to Fl ash Rk Sk R b R R R I o o O R R O O

Got Trim bsr PrgTrim ; Programthe Trimval ue
| da NVI CGTRI M ; Read val ue from Flash to make sure
sta | CGTRM ;Verf trimvalue is prog'ed in flash

Met r oner ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987- 2003

Rel .
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

0130 6E
0133 6E
0136 6E
0139 6E
013C 6E
013F 6E

0142 20

0144 87

08
14
00
04
00
01

FE

227 0145 A6 30
228 0147 C7 1825
229 014A A6 08
230 014C C7 1820

code

30
38
33
34
39
3A

Source line

; The following tiner code will output 10% of the CPU BUSCLOCK to
; the selected output conpare channel for |CG frequency nonitoting

nmv #( MCLKSA), | N_TPMKSC ; bus cl k

nmov #( MVB1A| nELS1A) , QUT_TPMKCnSC ; Toggl e on out put cnp
nmov #zer o, OQUT_TPMMODH

nmov #f our, QUT_TPMKMODL ; Ti ner nodul o regi ster = 4

nmov #zer o, QUT_TPMKCnVH

nmov #one, QUT_TPMKCnVL ; Ti ner output conpare at 1

bra $ ;Let sel ected output TPM pin toggle
; at 10% of BUSCLOCK to indicate conpletion

-k kK SUbrOUtlneS ProgTrim********************************************

;* Changed for GB/ GI Fl ash WL

; PrgTrim

; Progranms the value in the | CGTRM regi ster into the reserved Fl ash
: location for the trimvalue, NVICGIRI M @ $FFBE.

; Entry Conditions:

;1. The NVICGTRIM ($FFBE) location in flash is erased ($FF).

;2. The ICGTRM register contains the desired trimval ue.

; Exit conditions:

;1. NVICGTRIMis programmed with the value in | CGTRM
;2. ICGTRMis not nodified.

;3. noregisters altered

PrgTrim psha
| da #nFPVI OL| nFACCERR ;error flag bits to clear if set
sta FSTAT ;clear any error flags
| da #nmDl V3 ;1.666 MHz/ 8+1 = 185Khz Fl ash cl ock
sta FCDI V ;divide by 8+1 for 1.66 MHz bus.
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231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259

014F B6
0151 C7
0154 A6
0156 C7
0159 C6
015C AA
015E C7
0161 21
0163 Co6
0166 A4
0168 26
016A Co6
016D A4
016F 27
0171 86
0172 81

4E
FFBE
20
1826
1825
80
1825
FE
1825
30
A9
1825
40
F9
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| da
sta
| da
sta
| da
ora
sta
brn
| da
and
bne
pgm | oop: | da
and
beq
pul a
EndPrgTrim rts

This is normally done at start-up, however we

will initialize here to only program one byte
| CGTRM ;trimval ue
NVI CGTRI M ;place in Flash
#byt e_pgm ;page wite command
FCVD ;initiate the programm ng sequence
FSTAT
#nFCBEF
FSTAT ;1 aunch the command
* ;burn bus cycs before chking status
FSTAT ;1 ook at status register for errors
#nFPVI CL| NnFACCERR ; error flag bits
Trimerror ;check for programming errors
FSTAT ;wait around unil prog'ing conplete
#nFCCF ;command conpl ete yet?
pgm | oop ;not done yet..loop until conplete

; done

sk kK SUbI’OUtIne read tlfTEl’ EEE R I b S b Sk R IR I Rk O b b R IRk kO

;* Changed for TB/ GI device WL

; read_tinmer:

; Wiits for a reference clock positive giong edge, reads the captured

; value into H X

clears the input capture flag and returns the tiner

; capture value in register H X

; Entry Conditions:

; None

;. Exit conditions:

Met r ower ks HCO8- Assenbl er
(c) COPYRI GHT METROWNERKS 1987-2003

code Source line

; Register A destroyed, register X contains the captured tiner val ue

’

0173 OF 35 FD read_timer: brclr

0176 55
0178 B6
017A 1F
017C 81

36
35
35

| dhx
| da
bclr
rts

CHOF, | N_TPMKCnSC, read_tiner ;loop until see edge
I N.TPMKCnVH ;get the counter val ue
IN_TPMKCNSC  ;dummy read of the status register
CHOF, | N_TPMKCnSC ; conpl ete the clearing process
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