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Preface

The H8/538 is an original Hitachi high-performance, single-chip microcomputer built around a
high-speed H8/500 CPU that includes on-chip peripheral functions, optimized for use as a controller
in medium-scale machinery for industrial applications and office automation.

The chip contains a CPU, ROM, RAM, timers, and a serial communications interface that allow it
to be used in awide range of applications, from small systemsto large. These application notes
provide examples of tasks that use the peripheral functions of the H8/538. They areintended as a
reference for user software design.

The task examples given in these application notes have been proven to work, but be sure to verify
their functionality for yourself should you choose to use them in your applications.
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Section 1 Guide to H8/538 Application Notes

The application notes describe the use of peripheral functions (timer, serial communications, etc.)
using examples of simple tasks (such as pulse output).

1.1 Organization of the Information Provided in This Document

The explanation for each peripheral function is organized as shown in figure 1.1.

On-chip 1/O book 1. Specifications

2. Description of functions used

3. Description of operation

4. Description of — a. Description of arguments
software b

. Description of
modules

c. Description of
internal registers

d. Description of
general registers

e. Description of RAM

5. Flowcharts

6. Program lists

Figurel.1 Organization of the On-Chip I/O Application Notes
1. Specifications
Describes the system specifications of the task examples.
2. Functions Used

Describes the features of the peripheral functions used in the task examples, and the allocation of
peripheral functions.

3. Operation
Describes the operation of the task examples, using timing charts.
4. Software

*  Modules: Describes the software modules used to make the task examples run.



*  Arguments: Describes the input arguments needed to run the modules, and the output
arguments.

* Internal registers: Describes the internal registers of the peripheral functions set by the modules
(Timer Control register, Serial Mode register, etc.).

e Genera registers: Gives the names of (RO—R7) and describes the functions of the general
registers used by the modules.

* RAM: Givesthelabel names of the RAM used by the modules and describes the functions.
5. Flowcharts

Describes the software that runs the task examples using general flowcharts.

6. Program Lists

Givesthe program lists of the software that runs the task examples.



Section 2 H8/538 On-Chip I/Os

2.1 Pulse Output
Functions used: |PU (compare match toggle output)
2.1.1 Specifications

Asshown in figure 2.1, a 50% duty pulse is output from the T4IOCL1 pin of ch4. When operating at
10 MHz, the pulse cycle can be set between 16 ps and 6.5 ms (in 200 ns units) and the number of
pulses output can be set anywhere between 1 and 127.

Pulse cycle

A
\

T410C1 pin ——

50% : 50%

A
Y
A
\

Figure2.1 PulseOutput
2.1.2 Functions Used
This task example uses the following functions of the IPU:

*  Function for outputting pul ses automatically using hardware without software intervention
(output-compare output)

*  Function for inverting the output level every time a compare match occurs (toggle output)
e Function for clearing the timer counters upon GR1 compare match

In thistask example, these functions are used to output pulses (figure 2.2).



(Output level setting)

Timer output

General register enable register

(TAGR1)

(T40ER)
(Select operating clock) ‘
Compare
Timer control register (high) match C
Comparator [-———-# control >
(TACRH) | b F logic Output
v Q : compare
Clock output pin
. Clear ! put p
@-@4096 | selection —bl 16-bit counter €¢---—----- ! (T410C1)
circuit

Figure2.2 Block Diagram of Pulse Output

Table 2.1 lists the function allocations for this task example. 1PU functions are allocated to output
pulses, aslisted in table 2.1.

Table2.1 1PU Function Allocation

IPU Function Function

T410C1 Outputs pulse.

T4ACRL Selects ch4 timer counter clear sources.

T4ASRH Selects ch4 compare match interrupt enable/disable.

T40ER Selects ch4 compare match signal output enable/disable and output level.
T4AGR1 Sets 1/2 the timer counter value of the output pulse cycle.




2.1.3 Operation

Figure 2.3 lists the principles of operation. Pulses are output by H8/538 hardware processing and
software processing.

Immediately after
reset A A

T4l0C1 pin ¢ \

Count value
of TACNT

H'0000 - -

" Hardware processing N Hardware processing N
None « Clear the CH4 timer counter
Software processing « Invert the compare match

output level

Initial settings:

» Set the clear source of
the CH4 timer counter to
T4GR1 compare match

» Generate the T4AGR1 compare
match interrupt

Software processing

+ Set the T4AGR1 compare T4IMI processing:
match output level to toggle « Decrement the output pulse
output \_ counter )

« Timer counter value at
1/2 the pulse cycle to TAGR1

« Enable the T4AGR1 compare
match interrupt (T4IMI)

\- Start the CH4 timer counter

%

Figure2.3 Principlesof Pulse Output Operation



214 Software
Tables 2.2 through 2.5 list IPU function information.

Table2.2 Modules

Module Name Label Name Function

Main routine POUTMN Initializes pulse output.

Compare match interrupt  POUTI Halts the count of number of output pulses and pulse
output.

Table2.3 Arguments

Data Name of
Label Name  Function Length  Module Used I/O
PLS_CYC Sets the timer value corresponding to pulse 2 bytes Main routine I
cycle. The pulse cycle is found by the following
equation. Pulse cycle (ns) = timer value x
system clock cycle (100 ns when operating at
10 MHz) x ch4 input clock division ratio.
PLS_CNT Sets the number of pulses output. Sets avalue 1 byte Main routine (0]
twice the number of pulses actually output. Pulse output |
Table2.4 Internal RegistersUsed
Register Name of Module
Name Function Used
TACRL Selects ch4 timer counter clear sources. Main routine
T4SRH Selects enable/disable of ch4 compare match interrupt Main routine
Compare match
interrupt
T4SRL Indicates the ch4 status. Main routine
Compare match
interrupt
T40OER Selects enable/disable of the ch4 compare match signal Main routine
output and output level. Compare match
interrupt
T4GR1 Sets 1/2 the timer counter value of the output pulse cycle. Main routine




Table2.5 General RegistersUsed

Name of Module Used Name of Register Function

Main routine RO Used as work space when setting data.
Pulse output RO Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.



2.1.5 Flowcharts

1. Main routine 2. Compare match interrupt

C Main routine ) Gompare match interru@

Set stack pointer Save register
to H'FE8O I
| Clear the compare
hi
Set the clear source matcflalntgfr$§é§f et
of the CH4 timer counter 9 T
to T4GR1 Compare matCh Decrement output
[ pulse counter
Set the TAGR1 compare (PLS_CNT)

match output level to
toggle output

|
Set 1/2 the PUT_CYC
value in TAGR1
|
Set the CH4 interrupt
level to 7 Disable T4AGR1

I compare match output
Clear the compare ,

Does output
pulse counter = 0?
(PLS_CNT
=07?)

Yes

match interrupt request Disable TAGR1
flag of |T4GR1 compare match interrupt
Enable the T4GR1 -~
compare match interrupt Return register
' I
Set the interrupt
mask level to 6 C RTE )

Start the CH4
timer counter

Figure2.4 Pulse Output Flowchart



2.2 Measuring Pulse High Width and Low Width
Functions used: |PU (input capture)
2.2.1 Specifications

1. Asshownin figure 2.5, the high width and low width of the pulse input to T5I0C1 are
measured, and the results are stored in RAM.

2. Theresults of measurement are indicated by the timer count value as a 24-digit binary number
(20—223),

3. When operating at 10 MHz, the high width and low width of the pulse can be measured
between 18 ps and 1.67 s (in 100 ns units).

Input pulse
T5IOC1 pin A

High pulse width P Low pulse width

\ A

Figure2.5 Measuringthe High Width and Low Width of the Pulse
2.2.2 Functions Used

Figure 2.6 isablock diagram that lists ch5 of the |PU used by this task example. Ch5 hasthe
following functions:

»  Function for detecting input pulse rise and fall edges and setting the timer values at those times
to internal registers (input capture)

»  Function for detecting pulse rise and fall edges and starting up interrupt processing (input
capture interrupt)

»  Function for starting interrupt processing when atimer counter overflow occurs (overflow
interrupt)

*  Function for clearing the timer counter upon input capture

In this task example, these functions are used as shown in figure 2.6 to measure high and low width.

13



(Specify edge detection)

Timer control register (Low)
(T5CRL)

\ 4
Pulse input | control ——— Input capture interrupt (T5IMI1)

Input capture logic Capture
input pin (Count of number of overflows
(T510C1) during measurement)
General register 1 16-bit counter |, Overflow interrupt |
(T5GR1) (T5CNT) ! (T50VI) |

Figure2.6 Pulse Width Measurement Using Ch5 of the I TU

Table 2.6 lists the function allocations for this task example. IPU ch5 functions are allocated to
measure the high and low widths.

Table2.6 IPU (Ch5) Function Allocation

IPU (Chb) Function
T510C1 Input pin for measurement pulse.
T5IMI1 Starts up the input capture interrupt upon detection of a rise or fall edge of

the measurement pulse.

T5GR1 Sets the timer counter value at detection of a rise or fall edge of the
measurement pulse.

T50VI Starts up the overflow interrupt upon overflow of the ch5 timer counter.

14



2.2.3 Operation

Figure 2.7 lists the principles of operation. Pulse high and low widths are measured by H8/538
hardware processing and software processing.

Immediately after
reset

Input pulse * ‘ l

(T5I0C1 pin)

Count value
of TSCNT
HFFFF = — e e e

H'0000 -

7 A N A

/Hardware processing Hardware processing\ M Hardware processing /Hardware processmg\

None » Transfer TSCNT * Generate T50VI * Transfer TSCNT
: value to TSGR1 Software processing|| Vvalue to TSGR1
Software processing » Generate T5IMI1 - * Generate T5IMI1
L . - T50VI processing:
Initial settings: Software processing || , Increment the Software processing
* Set so thaF the value || 151mi1 processing: counter for the T5IMI1 processing:
of TSCNT is trans- « T5GR1 - results number of over- « T5GR1  results
ferred to TSGR1 and of pulse low width flows of pulse high width
TSCNT cleared upon measurement ~— 7 measurement
the rising edge of the (20 — 215) (20 215)
input pulse from « Counter for the

« Counter for the

T5_|_OC_31 number of over- number of over-
. |nltl:|lze the RAM flows to results of flows to results
use i
pulse low width of pulse high width
. .Enable the TsGRl measurement mepasurem%nt
input capture interrupt| | (216 _ 23 216 _ 923
* Enable the TSCNT « Set so that the @"-2"

* Set so that the

overflow interrupt value of TSCNT is value of TSCNT is
* Count start of the captured upon the captured upon the
\_CHS timer /| falling edge of the rising edge of the
pulse from pulse from T510C1
TSIOC1 to TSGR1 to T5GR1

* Clear the counter « Clear the counter
for the number of for the number of

\_ overflows ) overflows

Figure2.7 Pulse High Width and Low Width M easurement
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2.2.4 Software

Tables 2.7 through 2.10 list information for this function.

Table2.7 Modules

Module Name Label Name Function

Main routine PWIDMN Initializes IPU and RAM.

Input capture interrupt EDGE Starts up upon T5IMI and measures the High and Low
widths of the pulse from the T5GR1 value and number
of overflows that occur.

Overflow interrupt OVFC Starts up upon T50VI and counts the number of
overflows that occur.

Table2.8 Arguments

Label Name, Data Name of Module

Register Name Function Length Used I/0

OVF_TIMC Indicates the number of overflows 1 byte Overflow interrupt (0]

that occur. Input capture I
interrupt

HWID_L16 Sets the results of measuring the 2 bytes Input capture (0]

High width of the pulse to bits interrupt
20__215,
HWID_U8 Sets the results of measuring the 1 byte Overflow interrupt (0]
High width of the pulse to bits |
nput capture I
216__223 .
interrupt
LWID_L16 Sets the results of measuring the 2 bytes Input capture (0]
Low width of the pulse to bits interrupt
20__215
LWID_U8 Sets the results of measuring the 1 byte Overflow interrupt (0]
Low width of the pulse to bits Input capture I
216__223 interrupt
HWID_ERF Set when the measurable pulse 1 bit Overflow interrupt (0]
High width is exceeded.
LWID_ERF Set when the measurable pulse 1 bit Overflow interrupt (0]

Low width is exceeded.
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Table2.9 Internal RegistersUsed

Register Name of Module
Name Function Used
T5SRH Selects enable/disable of ch5 interrupts. Main routine
T5SRL Indicates the ch5 status. Main routine
Input capture
interrupt
Overflow interrupt
T5GR1 Sets the TSCNT value at the rise edge and fall edge of the Main routine
pulse and measures the pulse High and Low widths with Input capture
that value. .
interrupt
T5CRL Selects timer counter clear sources and input capture Overflow interrupt

edge.

Table2.10 General Registers Used

Name of Module Used Name of Register Function

Input capture interrupt RO Used as work space when setting data.
Overflow interrupt RO Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.
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2.2.5 Flowcharts

1. Main routine

( Main routine )

Set stack pointer to
H'FE80
|
Set to capture upon
the input pulse rise
I
Set to capture T5GR1 on
a CH5 timer counter

clear source
I

Clear the counter of
the number of overflows
|
Clear the pulse high width
error flag
I
Clear the pulse low width
error flag
|
Set the CH5 interrupt
level to 7
I
Clear the input capture
interrupt request flag of
T5GR1
I

Clear the overflow
interrupt request flag
|
Enable the TSGR1
input capture interrupt
|
Enable the overflow
interrupt
|
Set the interrupt
mask level to 6
|

Count start of CH5

Figure2.8 Measuring Pulse Width (1 of 3) Flowchart
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2. Input capture interrupt

C Input capture interrupt )

I
Save register
I

Clear the input capture
interrupt request flag of GR1

Detected

No at pulse falling edge

(IEG10 = 0)?

Set the T5GR1 value to the
RAM for the results of pulse low
width measurement (20 — 215)
(LWID_L16 ~ T5GR1)

Set the T5GR1 value to the
RAM for the results of pulse high
width measurement (20 — 215)
(HWID_L16 — T5GR1)

Set the value of the counter for
the number of overflows to the
RAM for the results of pulse low
width measurement (216 — 223)
(LWID_U8 — OVF_TIMC)

Set the value of the counter for
the number of overflows to the
RAM for the results of pulse high
width measurement (216 — 223)
(HWID_U8 — OVF_TIMC)

Set the detection edge to falling

Set the detection edge to rising

Clear the pulse high width
error flag (clear HWID_ERF)

Clear the pulse low width
error flag (clear LWID_ERF)

>

~1

Clear the counter for number
of overflows (clear OVF_TIMC)

( )

Return register
[

RTE

Figure2.9 Measuring Pulse Width (2 of 3) Flowchart
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3. Overflow interrupt

( Overflow interrupt )

Save register
|
Clear the overflow
interrupt request flag
[

Increment the counter for
the number of overflows
(OVF_TIMC ~ OVF_TIMC +1)

Does the
counter for the
number of overflows
generate an overflow
(C bit=1)?

High
width measured
(IEG10 = 0)?

No

Set the pulse low width Set the pulse high width
error flag (set EDG_ERLF) error flag (set EDG_ERHF)

Return register
I

( RTE )

Figure2.10 Measuring Pulse Width (3 of 3) Flowchart
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2.3 PWM Output 1
Functions used: I1PU
2.3.1 Specifications

Asshowninfigure 2.11, a PWM waveform (9-phase) is output for use in generating a sawtooth
waveform. When operating at 10 MHz, the PWM cycle can be set anywhere between 1 ps and
6.55 ms.

PWM cycle

«

CH7 Pulse 9 T7IOCL1 pin —I

[ L
CH6  Pulse 8 T6IOCL1 pin —l ,—l ,—I_

Pulse 7 T3I0C2 pin ‘
CH3 L I L
Pulse 6 T3IOC1 pin _l—,—\—l—l_

Pulse 5 T2I0C2 pin 1 1
CH2
Pulse 4 T2I0C1 pin o e I —

Pulse 3 T1OC1 pin —|

CH1< Pulse 2 T1I0C2 pin —|

L
L
L

aT

Pulse 1 T1I0C1 pin —|_,

Figure2.11 PWM Output Used to Generate the Sawtooth Waveform
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2.3.2 Functions Used

This task example uses the following functions of the IPU.

e Function that uses chl—ch3, ch6 and ch7 as PWM timers (PWM mode)

*  Function for clearing multiple timer counters simultaneously (synchronized clear)

Figure 2.12 isablock diagram of PWM output (chl only); figure 2.13 is ablock diagram of a

synchronized clear.

CH1

Compare match A

value that

output from

(Set the counter
produces high

the T110C1 pin)

(Set the counter
alue that

utput from
the T110C2 pin)

(Set the counter
value that
produces high
output from

the T1OC1 pin)

General register
1 (GR1)

General register

|

|

|

I

v

: produces high
o)

|

|

I

! 2 (GR2)

Dedicated reg-
ister 1 (DR1)

| Comparator E |-

v |
| Comparator A |-# | Comparator C |-
[y

1
16-bit counter
(TLICNT)

Compare match E

Compare match F

| Comparator B |~ | Comparator D |
|

v
| Comparator F |-

General register

General register

Dedicated reg-

the T1I0C1 pin)

the T110C2 pin)

3 (GR3) 4 (GR4) ister 3 (DR3)
(Set the counter (Set the counter (Set the counter
value that alue that value that
produces low produces low
output from utput from output from

(Set CH1-CH3,
CH®6, and CH7

to PWM timer)

Timer mode
register B
(TMDRB)

!

l_____________________
L

v

Yy

Pulse
110
control

|____'I

the T1OC1 pin)

|

|

|

|

|

|

: Y
: produces low
| O
:

T

|

|

|

Compare match D

T1I0C1 pin
p——
T1I0C2 pin
.
T10C1 pin
—p

Figure2.12 PWM Output Block Diagram

27




CH1 (master)

(Set counter clear source to DR2 compare match)

Timer control register _| Control
(low) (T1CRL) " logic T

(Set PWM cycle) f :

| Dedicated register 2 (DR?2) | Lo

Compare: !

| Comparator  |--- match _ 1 1

|

t |

|

| 16-bit counter (TICNT) |+9'—ef—“r—--__a

Generate
synchronized
clear source

(Set CH1-CH3,
CH®6, and CH7 to
synchronized operation)

CH2, CH3, CH®6, and CH7 (slave)

Timer mode
register A (TMDRA)
v
Counter |
control

(Set counter clear source to synchronized clear)

Timer control register Control
(low) (T2CRL, T3CRL, [ "] |ogic
T6CRL, T7CRL) T

16-bit counter
(T2CNT, T3CNT, == ——
T6CNT, T7CNT)

Synchronized

clear command

Figure2.13 Synchronized Clear Block Diagram
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Table 2.11 lists the function allocations for this task example. PU functions are allocated as shown
intable 2.11, and PWM pulses output.

Table2.11 IPU Function Allocation

IPU Function Function

T1I0C1—3, T2I0C1—2, Pins for PWM pulse output.
T3l0C1—2, T6IOC1,
T710C1

T1CRL—T3CRL, T6CRL, Selects timer counter clear sources for ch1—ch3, ch6 and ch7.
T7CRL

TMDRA Synchronizes operation of ch1—ch3, ch6 and ch7 timer counters.
TMDRB Makes chl—ch3, ch6 and ch7 operate as PWM timers.
T1DR2 Sets the PWM cycle.

T1GR1 Sets the timer counter value that makes T1IOC1 output high.
T1GR3 Sets the timer counter value that makes T1IOC1 output low.
T1GR2 Sets the timer counter value that makes T1IOC2 output high.
T1GR4 Sets the timer counter value that makes T110C2 output low.
T1DR1 Sets the timer counter value that makes T1OC1 output high.
T1DR3 Sets the timer counter value that makes T10C1 output low.
T2GR1 Sets the timer counter value that makes T2I0C1 output high.
T2DR1 Sets the timer counter value that makes T2I0C1 output low.
T2GR2 Sets the timer counter value that makes T2I0C2 output high.
T2DR2 Sets the timer counter value that makes T2I0C2 output low.
T3GR1 Sets the timer counter value that makes T3IOC1 output high.
T3DR1 Sets the timer counter value that makes T3IOC1 output low.
T3GR2 Sets the timer counter value that makes T3IOC2 output high.
T3DR2 Sets the timer counter value that makes T3I0OC2 output low.
T6GR1 Sets the timer counter value that makes T61OC1 output high.
T6GR2 Sets the timer counter value that makes T610OC1 output low.
T7GR1 Sets the timer counter value that makes T7IOC1 output high.
T7GR2 Sets the timer counter value that makes T7I0C1 output low.
TSTR Starts chl—ch3, ch6 and ch7 as timer counters.

2.3.3 Operation

Figure 2.14 shows the principles of operation. A 9-phase PWM waveform is output for usein
generating a sawtooth waveform from the PWM output pins of ch1l—ch7 (everything except
T1IOC1, T210C1 and T3IOC1 is omitted) by H8/538 hardware processing and software processing.
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Immediately
after reset
T1CNT count value

H'0000 - —
T2CNT count value
T2DR1

H'0000
T7CNT count value
T7GR2

T1IOC1 pin
T210C1pin : i

T3I0C1 pin )

—

—

j L
i

__— ™
/“Hardware processing N ﬂ
None
- / Hardware processing ™\ /Hardware processing N
Software processing
Initialize PWM output: Change PWM output * Change PWM output
« Set CH1-CH3, CH6, and CH7 pin output level to high pin output level to low
to PWM timer Software processing * Clear the CH1-CHS3,
« Set PWM cycle to TIDR2 CH6, and CH7 timer
« Set the time counter values that | \NO"€ /| counters (synchro-
make the output levels of all nized clear)
PWM output pins high or Ipw Software processing
to the output compare registers N
Initialize sychronized clear: \None J

* Set CH1-CH3, CH6, and CH7
to synchronized operation

« Set the counter clear sources
for CH1-CH3, CH6, and CH7 as
follows: CH1 for TADR2
compare match; CH2, CH3,
CH6, CH7 for synchronized clear

Count start for CH1-CH3,

\_ CH®6, and CHY timer counters J

Figure2.14 PWM Output (9-Phase) Used for Generating the Sawtooth Waveform
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2.3.4 Software

Tables 2.12 through 2.15 list software information for this function.

Table2.12 Modules

Module Name Label Name Function

Main routine PWMOUT1 Sets for synchronized clear and PWM output for
chl—ch3, ch6 and ch7.

Table2.13 Arguments

Label Data Name of
Name Function Length  Module Used 110
PWM_HI1 —  Sets the timer counter value corresponding to 2 bytes Main routine I
PWM_H19 High width of the pulse. The pulse high width is

found by the following equation. Pulse high

width (ns) = timer counter value x system clock

cycle (100 ns when operating at 10 MHz) x

input clock division ratio for each channel.
PWM_CYC Sets the timer value corresponding to PWM 2 bytes Main routine

cycle. The PWM cycle is found by the following
equation. PWM cycle (ns) = timer counter value
x system clock cycle (100 ns when operating at
10 MHz) x input clock division ratio for each
channel.
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Table2.14 Internal Registers Used

Register Name Function Module Used
T1CRL—T3CRL, Selects timer counter clear sources. Main routine
T6CRL, T7CRL

TMDRA Selects channels to operate in sync.

TMDRB Makes channels operate as PWM timers.

T1DR2 Sets the PWM cycle.

T1GR1 Sets the timer counter value that makes T1IOC1 output high.
T1GR3 Sets the timer counter value that makes T1IOC1 output low.
T1GR2 Sets the timer counter value that makes T1IOC2 output high.
T1GR4 Sets the timer counter value that makes T1I0OC2 output low.
T1DR1 Sets the timer counter value that makes T1OC1 output high.
T1DR3 Sets the timer counter value that makes T1OC1 output low.
T2GR1 Sets the timer counter value that makes T2IOC1 output high.
T2DR1 Sets the timer counter value that makes T2I0C1 output low.
T2GR2 Sets the timer counter value that makes T2I0C2 output high.
T2DR2 Sets the timer counter value that makes T2I0C2 output low.
T3GR1 Sets the timer counter value that makes T3IOC1 output high.
T3DR1 Sets the timer counter value that makes T3IOC1 output low.
T3GR2 Sets the timer counter value that makes T3IOC2 output high.
T3DR2 Sets the timer counter value that makes T3IOC2 output low.
T6GR1 Sets the timer counter value that makes T610C1 output high.
T6GR2 Sets the timer counter value that makes T610C1 output low.
T7GR1 Sets the timer counter value that makes T7I0C1 output high.
T7GR2 Sets the timer counter value that makes T7I0OC1 output low.
TSTR Starts and stops chl—ch7 as timer counters.

Table2.15 General RegistersUsed

Name of Module Used Name of Register Function
Main routine R0—R2 Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.
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2.3.5 Flowcharts

Main routine

C PWMOUT1 )

[
Set stack pointer to H'FE80
[

Set CH1-CHS3, CH6, and
CHZ7 to synchronized operation
[

Set CH1-CH3, CH6, and
CH7 to PWM timer
[

Set the counter clear sources
for CH1-CH3, CH6, and CH7
timer counters as follows:
CH1 for TADR2 compare match;

CH2, CH3, CH6, CHY for
synchronized clear

I
Set PWM cycle to TIDR2

[

Set the timer counter
values that make the output
levels of all PWM output pins

high or low

Count start of CH1-CH3,
CH6, CH7

Figure2.15 PWM Output 1 Flowchart

33



2.4 Timer Counter Synchronized Preset and Simultaneous Count Start/Stop
Functions used: IPU
2.4.1 Specifications

Asshownin figure 2.16, seven 50% duty pulses are output from chl—ch7. These pulses
simultaneously stop the chl—ch7 counters upon IRQL1 fall, preset the counters to H'0000, and start
them upon IRQ2 fall.

Count stop Count start

IRQ1 1
IRQ2 : ¢
50% 50% ‘

Output pulse 1 (T1I0C1 pin) R R L
Output pulse 2 (T2IOC1 pin) 4,—\—, ! ‘ I—,_
Output pulse 3 (T3IOCL1 pin) —,—\—, I—,—
Output pulse 4 (T4IOC1 pin) —,—\—, ‘ ‘ |—,—
Output pulse 5 (T5I0C1 pin) ] L
Output pulse 6 (T6IOC1 pin) —,—\—, ! ‘ I—,_
Output pulse 7 (T7I0C1 pin) _,—\—, ‘ ‘ |—,_

Figure2.16 Timer Counter Synchronized Preset and Simultaneous Start/Stop
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2.4.2 Functions Used
This task example uses the following functions of the IPU.
e Function for simultaneously starting or stopping multiple timer counters

e Function for simultaneously rewriting the values of multiple timer counters. Figure2.17 isa
block diagram of synchronized preset and simultaneous start/stop of counters (synchronized
preset).

CH1 Presetvalue

1| 16-bit counter (TICNT) [$]
CH2 : (Set synchronization preset
:>| 16-bit counter (T2CNT) l:_ j of CH1-CH?7 to enable)
CH3 ‘ Timer mode
- ' Enable register A (TMDRA)
>| 16-bit counter (T3CNT) : -1 synchronization ¢
Synchronization cha , le _preset Counter
preset :>| 16-bit counter (T4ACNT) |< N control
CH5 ‘Sttartor T
' sto
:>| 16-bit counter (TSCNT) : , P = ot
imer star
CH6 : register (TSTR)
16-bit counter (T6BCNT : ‘
:>| ( ) ' (Set counter start/counter
CH7 : stop of counter)
>| 16-bit counter (T7CNT) : ‘

Figure2.17 Block Diagram of Counter Synchronized Preset and Simultaneous Start/Stop

Table 2.16 lists the function allocations for this task example. |PU functions are allocated as listed
in table 2.16, and synchronized preset and start/stop of the chl—ch7 timer countersis performed.

Table2.16 1PU Function Allocation

IPU Function Function

TSTR Starts or stops the ch1l—ch7 timer counters.

TMDRA Enables the ch1l—ch7 timer counter synchronized preset.
TICNT Sets the preset value.
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2.4.3 Operation

Figure 2.18 shows the principles of operation. Counters are preset in sync and simultaneously
started/stopped using H8/538 hardware processing and software processing.

Immediately
after reset

T1CNT count value
T1GR1

H'0000
T2CNT count value
T2GR1

H'0000

T7CNT count value
T7GR1

H'0000

T110C1 1 I B

21001 [ L L]
[ ]
[ ]
[ ]
T710C1 —
IRQ1
IRQ2 |
/ Hardware processing N /" Hardware processing N
Generate IRQ1 interrupt « Generate IRQ2 interrupt
Software processing * Preset CH1-CH7 counters
IRQ1 processing: to H'0000 (synchronized
preset)

\CHl—CH? countstop  /

Software processing

IRQ2 processing:

* Set GR1 compare match
output level to high

* Set CH1-CH7 to
synchronized operation

« Transfer preset value
(H'0000) to CH1 counter

\ Count start for CH1-CH7 Y,

Figure2.18 Operation of Counter Synchronization Preset and Simultaneous Start/Stop
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2.4.4 Software

Tables 2.17 through 2.19 list information for this function.

Table2.17 Modules

Module Name Label Name Function

Main routine PRSTSPMN Sets ch1l—ch7 pulse output and interrupts.

IRQL1 interrupt CNTSTP Stops the ch1l—ch7 timer counters.

IRQ2 interrupt CNTPRST Does synchronized presets and starts count of
chl—ch?7 timer counters.

GR1 compare match PLSINV1 — Inverts chl—ch7 pulse output.

interrupt PLSINV7

Arguments:

This task example does not use any arguments.

Table2.18 Internal Registers Used

Register Name of Module

Name Function Used

T1CNT chl timer counter Main routine
IRQ2 interrupt

T2CNT— ch2—ch7 timer counters. Main routine

T7CNT

T1CRL— Selects timer counter clear sources. Main routine

T7CRL

T1GR1— Sets 1/2 the timer counter value of the ch1l—ch7 output Main routine

T7GR1 pulse cycle.

T10ER— Selects compare match signal output level. Main routine

T7OER GR1 compare
match interrupt

T1SRH— Selects enable/disable of compare match interrupt Main routine

T7SRH

TSTR Starts and stops the ch1—ch7 timer counters. Main routine
IRQL1 interrupt
IRQ2 interrupt

TMDRA Selects to make the timer counters operate in sync. Main routine
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Table2.19 General RegistersUsed

Name of Module Used Name of Register Function
Main routine RO Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.
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2.4.5 Flowcharts

1. Main routine

( Main routine )

|
Set stack pointer to
H'FE80
I
Initialize CH1-CH7
timer counters
I
Set 1/2 the pulse cycle value
to all the GR1 of CH1-CH7
|
Set the clear sources
of the CH1-CH7 timer
counters to GR1
compare match
I
Set the GR1 compare match
output levels for CH1-CH7
to high
I
Set the IRQ1, IRQ2, and
CH1-CHY interrupt levels
to7
I
Enable the following
interrupts: IRQ1,
IRQ2, compare match
interrupts of all GR1 of
CH1-CH7
I
Set the interrupt mask
level to 6
I

Count start CH1-CH7

2. IRQ1 interrupt

( IRQL1 interrupt )

I
Clear IRQ1 interrupt
request flag
I
Stop CH1-CH7 count
I

RTE

3. IRQ2 interrupt

IRQ2 interrupt

I
Clear IRQ2 interrupt
request flag

I
Set the GR1 compare
match output levels for
CH1-CH7 to high
I

Set CH1-CHY7 for
synchronized operation
I
Transfer H'0000 (preset
value) to CH1 timer counter
I
| Start CH1-CH7 count |
I

( RTE )

4. GR1 compare match interrupt

GR1 compare
match interrupt
I
Clear GR1 compare
match interrupt request flag
I
Invert compare match
output level
I

( RTE )

Figure2.19 Timer Counter Synchronized Preset and Simultaneous Count
Start/Stop Flowchart




2.5 5-Phase Pulse Output Upon External Trigger
Functions used: IPU
25.1 Specifications

As shown in figure 2.20, pulses of any pulse width are output from chl—ch3, ch6 and ch7 at any
delay times from the rise edge of an external pulse input to T1IOC1.

The delay time from the rise edge of the external pulse and the pulse width can be varied within the
following ranges: delay time + 400 ns < delay time < external pulse cycle - pulse width; 100 ns<
pulse width < external pulse cycle - delay time.

When operating at 10 MHz, the external pulse cycle can be set anywhere between 500 ns and
6.55 ms.

> External pulse cycle

External pulse f f

(T1IOC1 pin) Delay time 1 Pulse width 1:
< D —

Output pulse 1 ‘ ‘

(T110C2 pin) ‘

‘ Delay time 2 Pulse width 2
—— >

Output pulse 2 :

(T210C1 pin) Delay time 3 . _ Pulse width 3

Output pulse 3 | | |_

(T3IOC1 pin) Delay time 4  Pulse width 4
—r————————p :
Output pulse 4 —l | ‘ ,7
(T6IOC1 pin)

Delay time 5 :Pulse width 5.
“«———— >

Output pulse 5 \ \

(T710C1 pin)

Figure2.20 5-Phase Pulse Output from External Trigger
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2.5.2 Functions Used

This task example uses the following functions of the IPU:

e Function that uses any of ch1—ch3, ch6 and ch7 as PWM timers (PWM mode)

*  Function for clearing multiple timer counters simultaneously (synchronized clear)

Figure 2.21 isablock diagram of PWM output (chl only); figure 2.22 isablock diagram of a
synchronized clear.

Compare match A

Compare match C
CH1
(Set the counter (Set the counter (Set the counter
value that value that value that
produces high produces high produces high (Set CH1-CH3,
output from output from output from CH6, and CH7 to
the T1IOC1 pin) the T1I0OC2 pin) the T10OC1 pin) PWM timer)
General register General register Dedicated reg- Timer mode
1 (GR1) 2 (GR2) ister 1 (DR1) register B
v Y | (TMDRB)
| Comparator A |~ | Comparator C |- | Comparator E |
. / ¥ T1I0C1 pin
16-bit counter Compare match E Y Pll;ge T1I0C2 pin
(TICNT) Compare match F 3 control| TLOC1 pin
v v —
| Comparator B |~ | Comparator D |y | Comparator F |
General register General register Dedicated reg-
3 (GR3) 4 (GR4) ister 3 (DR3)
(Set the counter (Set the counter (Set the counter
value that value that value that
produces low produces low produces low
output from output from output from
the T1IOC1 pin) the T1IOC2 pin) the T1OC1 pin)
Compare match D

Compare match B

Figure2.21 PWM Output Block Diagram
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External
signal 14,6¢1 pin

CH1 (master)

(Set counter clear source to Generate (Set CH1-CH3, CHS®6,
external input pulse rise) synchronized and CH7 to synchro-
Timer control register | _|Control clear source nized operation)
(low) (T1CRL) Ioglc Timer mode register A
TMDRA
[16-bit counter (TICNT) |<C'eil v ( )
Counter| ¢
CH2, CH3, CH6, and CH7 (slave) control

(Set counter clear source
to synchronized clear)
Timer control register
(low) (T2CRL, T3CRL, —®

T6CRL, T7CRL)

Control |
logic Synchronized
clear command

16-bit counter
(T2CNT, T3CNT,
T6CNT, T7CNT)

' Clear

Figure2.22 Block Diagram for Synchronized Clear Upon External Signal Rise
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Table 2.20 lists the function allocations for this task example.

Table2.20 [PU Function Allocation

IPU Function Function

TMDRA Selects channels to make operate in sync.
T1CRL—T3CRL, T6CRL, Selects timer counter clear sources.
T7CRL

TMDRB Selects channels to operate as PWM timers.
T1GR2 Sets the T1IOC2 output level to high.
T1GR4 Sets the T1IOC2 output level to low.
T2GR1 Sets the T2I0C1 output level to high.
T2DR1 Sets the T2I0C1 output level to low.
T3GR1 Sets the T3IOC1 output level to high.
T3DR1 Sets the T3IOC1 output level to low.
T6GR1 Sets the T6IOC1 output level to high.
T6GR2 Sets the T6IOC1 output level to low.
T7GR1 Sets the T7IOC1 output level to high.
T7GR2 Sets the T7IOC1 output level to low.
TSTR Starts and stops chl—ch7 timer counters.

2.5.3 Operation

Figure 2.23 shows the principles of operation. Pulses of any pulse width are output from chl—ch3,
ch6 and ch7 at any delay times from the rise edge of an reference pulse input to T110C1 by H8/538
hardware processing and software processing.

56



Immediately
after reset
External vy
input pulse £ £
(T1IOCI pin)

TICNT
count value

H'0000

‘ Delay time 1 Pulse width 1 Time
< > >
Output pulse 1 : 1
(T1I0C2 pin)
T2CNT
count value
T2DR1
T2GR1
H'0000 _ : B :
Delay time 2 Pulse width 2 : : Time
Output pulse 2 K
(T2I0C1 pin)
(Hardware processing /" Hardware processing N
None \ Counter clear CH1-CH3,
Software processing CH®6, and CH7 (synchro-
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» Set CH1-CH3, CH6, and CH7 to PWM timer Software processing
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counter values that switch the output levels \ one /
of all PWM output pins (T110C2, T2I0C1, 1 -
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synchronized clear Low output from Low output from
Count start for CH1-CH3, CH6, and CH7 T2I0C1 pin T2I0C2 pin
\limer counters /| Software processing Software processing
\None J \None J

Figure2.23 Operation for 5-Phase Pulse Output from External Trigger
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254 Software
Tables 2.21 through 2.24 list software information for this function.

Table2.21 Modules

Module Name Label Name Function

Main routine EXT5POUTMN Initializes for synchronized operation of ch1—ch3,
ch6, ch7, and PWM output.

Table2.22 Arguments

Data Name of
Label Name Function Length Module Used 1/O

PLSWIDTH1—5 Sets the timer counter value correspondingto 2 bytes  Main routine I
High width of the pulse. The pulse High width
is found by the following equation. Pulse High
width (ns) = Timer counter value x System
clock cycle (100 ns when operating at 10 MHz)
x Input clock division ratio for each channel.

PLSDLY1—5 Sets the timer value corresponding to the delay 2 bytes  Main routine |
time from the rise of the external input pulse.
The delay time is found by the following
equation. Delay time (ns) = Timer counter value
x System clock cycle (100 ns when operating at
10 MHz) x Input clock division ratio for each
channel.
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Table2.23 Internal Registers Used

Register Name Function Module Used
TMDRA Selects channels to operate in sync. Main routine
T1CRL—T3CRL, Selects timer counter clear sources.

T6CRL, T7CRL

TMDRB Selects channels to operate as PWM timers.

T1GR2 Sets the timer counter value that makes T110C2 output high.

T1GR4 Sets the timer counter value that makes T1IOC2 output low.

T2GR1 Sets the timer counter value that makes T2IOC1 output high.

T2DR1 Sets the timer counter value that makes T2I0C1 output low.

T3GR1 Sets the timer counter value that makes T3IOC1 output high.

T3DR1 Sets the timer counter value that makes T3IOC1 output low.

T6GR1 Sets the timer counter value that makes T610C1 output high.

T6GR2 Sets the timer counter value that makes T610C1 output low.

T7GR1 Sets the timer counter value that makes T7I0C1 output high.

T7GR2 Sets the timer counter value that makes T7I0C1 output low.

TSTR Starts and stops chl—ch7 as timer counters.

Table2.24 General Registers Used

Name of Module Used Name of Register Function

Main routine RO—R1 Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.
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2.5.,5 Flowcharts

Main routine

( EXTS5POUTMN )

I
Set stack pointer
to H'FE80
I
Set CH1-CH3, CHS6,
and CH7 to synchronized
operation
I
Set CH1-CH3, CH6, and
CH7 to PWM timer
I
Set the counter clear
sources or CH1-CH3,
CH6, and CH7 as follows:
CH1 for TLGR1 capture;
CH2, CH3, CH6, CHY for
synchronized clear
I
Set to capture upon the
rising edge of an external
pulse input to TIGR1
I
Set the timer counter
values that make the
output levels of all PWM
output pins high or low
I
Count start of CH1-CH3,
CH®6, and CH7

"

Figure2.24 5-Phase Pulse Output Flowchart

60



2.6 PWM Output 2
Functions used: PWM output mode, synchronized clear
2.6.1 Specifications

Asshownin figure 2.25, a PWM waveform (9 phase) is output for use in generating a equilateral
triangular waveform. When operating at 10 MHz, the PWM cycle can be set anywhere between 2 us
and 6.55 ms.

L PWM cycle
Output pulse 1 : :
(T1IOC1 pin)
Output pulse 2 ‘ ‘
CH1< " (T110C2 pin) | | I

Output pulse 3
(T10C1 pin) m

Output pulse 4

(razi0Cc1piny [ L[

CH2 Output pulse 5

maoczpry | L[ 1

Output pulse 6

T3I0C1 I—, I_
cH3 O(t t Ipln7)

utput pulse

(T310C2 pin) Q |_, |_
CH6  Output pulse 8 ‘

(T6l0C1 pin) | L L
CH7  Output pulse 9

(T710C1 pin) _l I_l |_

Figure2.25 9-Phase PWM Output
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2.6.2 Functions Used

This task example uses the following functions of the IPU:

Function that uses ch1—ch3, ch6 and ch7 as PWM timers (PWM mode)

Function for clearing multiple timer counters simultaneously (synchronized clear)

Figure 2.26 isablock diagram of PWM output (chl only); figure 2.27 isablock diagram of a
synchronized clear.

Compare match A

CH1 R —
(Set the counter (Set the counter (Set the counter
value that value that value that
produces high produces high produces high
output from output from output from

the T1IOC1 pin)

the T110C2 pin)

the T1OC1 pin)

General register
1 (GR1)

General register
2 (GR2)

Dedicated reg-
ister 1 (DR1)

v
| Comparator E |-

v v
| Comparator A |—JI | Comparator C |-
X

1
16-bit counter
(TICNT)

Compare match E

Compare match F

| Comparator B |~ | Comparator D |
|

v
| Comparator F |-

General register

General register

Dedicated reg-

the T1IOC1 pin)

the T110C2 pin)

3 (GR3) 4 (GR4) ister 3 (DR3)
(Set the counter (Set the counter (Set the counter
value that value that value that
produces low produces low produces low
output from output from output from

the T1OC1 pin)

Compare match D

(Set CH1-CHS3,
CH6, and CH7 to
PWM timer)

Timer mode
register B

(TMDRB)

¥__T1I0C1 pin
%

L 2

I||
Yyvy

Pulse [16¢2 o

o —>
control|T1OC1 pin

Figure2.26 PWM Output Block Diagram
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CH1 (master)

Generate
(Set counter clear source to DR2 compare match) synchronized
Timer control register | Control clear source
(low) (T1CRL) logic | ] ______":
4 I
(Set PWM cycle) Lo | (Set CH1-CH3,
| Dedicated register 2 (DR2) | b | CH6, and CH7 to
Cortmr)]are: | | synchronized operation)
maic [ !
| Comp}arator | | i Timer mode
| .
: Clear | | register A (TMDRA)
| 16-bit counter (TLCNT) [¢===----- s i
Counter |
CH2, CH3, CH6, and CHY (slave) control

. T
(Set counter clear source to synchronized clear)

Timer control register Control
(low) (T2CRL, T3CRL, [~ | logic |¥ ] sunchroni

T6CRL, T7CRL) . Synchronized
clear command

16-bit counter
(T2CNT, T3CNT, e~ -2 —
T6CNT, T7CNT)

Figure 2.27 Synchronized Clear Block Diagram

67




Table 2.25 lists the function allocations for this task example. |PU functions are allocated as listed
in table 2.25, and PWM pulses are output.

Table2.25 IPU Function Allocation

IPU Function Function

T110C1—3, T210C1—2, Pins for PWM pulse output.
T3I0C1—2, T6IOC1, T7I10C1

TMDRA Selects channels to operate in sync.

T1CRL—T3CRL, T6CRL, T7CRL Selects timer counter clear sources.

TMDRB Selects channels to operate as PWM timers.

T1DR2 Sets the PWM cycle.

T1GR1 Sets the timer counter value that makes T110C1 output high.
T1GR3 Sets the timer counter value that makes T1IOC1 output low.
T1GR2 Sets the timer counter value that makes T1IOC2 output high.
T1GR4 Sets the timer counter value that makes T1I0C2 output low.
T1DR1 Sets the timer counter value that makes T1OC1 output high.
T1DR3 Sets the timer counter value that makes T1OC1 output low.
T2GR1 Sets the timer counter value that makes T2I0C1 output high.
T2DR1 Sets the timer counter value that makes T2I0C1 output low.
T2GR2 Sets the timer counter value that makes T2I0OC2 output high.
T2DR2 Sets the timer counter value that makes T2I0C2 output low.
T3GR1 Sets the timer counter value that makes T3IOC1 output high.
T3DR1 Sets the timer counter value that makes T3IOC1 output low.
T3GR2 Sets the timer counter value that makes T3I0C2 output high.
T3DR2 Sets the timer counter value that makes T3IOC2 output low.
T6GR1 Sets the timer counter value that makes T61OC1 output high.
T6GR2 Sets the timer counter value that makes T610C1 output low.
T7GR1 Sets the timer counter value that makes T7IOC1 output high.
T7GR2 Sets the timer counter value that makes T7I0C1 output low.
TSTR Starts and stops chl—ch3, ch6 and ch7 timer counters.

2.6.3 Operation

Figure 2.28 shows the principles of operation. A 9-phase PWM waveform is output for usein
generating an equilateral triangular waveform from the PWM output pins of chl—ch3, ch6 and ch7
(everything except T1IOC1, T210C1 and T3IOC1 is omitted) by H8/538 hardware processing and
software processing as shown in figure 2.28.
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after reset
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/Hardware processing h
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Software processing Change PWM output
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Figure2.28 PWM Waveform (9-Phase) Used to Gener ate an Equilateral
Triangle Waveform
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2.6.4 Software
Tables 2.26 through 2.29 list software information for this function.

Table2.26 Modules

Module Name Label Name Function

Main routine PWMOUT2 Sets for synchronized clear and PWM output for

chl—ch3, ch6 and ch7.

Table2.27 Arguments

Data Name of

Label Name  Function Length  Module Used I/0
PWM_HI1 —  Sets the timer counter value corresponding to 2 bytes Main routine I
PWM_H19 High width of the pulse. The pulse High width is

found by the following equation. Pulse High

width (ns) = Timer counter value x System

clock cycle (100 ns when operating at 10 MHz)

x Input clock division ratio for each channel.
PWM_CYC Sets the timer value corresponding to PWM 2 bytes Main routine I

cycle. The PWM cycle is found by the following
equation. PWM cycle (ns) = Timer counter
value x System clock cycle (100 ns when
operating at 10 MHz) x Input clock division ratio
for each channel.
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Table2.28 Internal Registers Used

Register Name Function Module Used
TMDRA Selects channels to operate in sync. Main routine
T1CRL—T3CRL, Selects timer counter clear sources.

T6CRL, T7CRL

TMDRB Selects channels to operate as PWM timers.

T1DR2 Sets the PWM cycle.

T1GR1 Sets the timer counter value that makes T1IOC1 output high.

T1GR3 Sets the timer counter value that makes T1I0OC1 output low.

T1GR2 Sets the timer counter value that makes T110C2 output high.

T1GR4 Sets the timer counter value that makes T1IOC2 output low.

T1DR1 Sets the timer counter value that makes T10C1 output high.

T1DRS3 Sets the timer counter value that makes T10C1 output low.

T2GR1 Sets the timer counter value that makes T2IOC1 output high.

T2DR1 Sets the timer counter value that makes T2I0C1 output low.

T2GR2 Sets the timer counter value that makes T2I0C2 output high.

T2DR2 Sets the timer counter value that makes T2I0OC2 output low.

T3GR1 Sets the timer counter value that makes T3IOC1 output high.

T3DR1 Sets the timer counter value that makes T3IOC1 output low.

T3GR2 Sets the timer counter value that makes T3IOC2 output high.

T3DR2 Sets the timer counter value that makes T3I0OC2 output low.

T6GR1 Sets the timer counter value that makes T610C1 output high.

T6GR2 Sets the timer counter value that makes T610C1 output low.

T7GR1 Sets the timer counter value that makes T7I0C1 output high.

T7GR2 Sets the timer counter value that makes T7I0C1 output low.

TSTR Starts and stops chl—ch7 as timer counters.

Table2.29 General RegistersUsed

Name of Module Used Name of Register Function

Main routine RO—R2 Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.
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2.6.5 Flowcharts

Main routine

( Main routine )

I
Set stack pointer

to H'FE80
I

Set CH1-CH3, CH6,
and CH7 to synchronized
operation
I
Set CH1-CH3, CH6, and
CH7 to PWM timer
[

Set the counter clear
sources for CH1-CH3,
CH®6, and CH7 as follows:
CHZ1 for TLDR2 compare
match; CH2, CHS3,
CH®6, CH7 for
synchronized clear
[

Set PWM cycle
|
Set the timer counter
values that make the
output levels of all PWM
output pins high or low
[

Count start of CH1-CH3,
CHG6, and CH7

!

Figure2.29 PWM Output 2 Flowchart
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2.7 2-Phase Encoder Count
Functions used: I1PU
2.7.1 Specifications

Asshown in figure 2.30, the phase differential of a 2-phase encoder output pulse input to an
external clock pin (TCLK1, TCLK?2) is detected and the number of counts counted up or down
during the measurement period is set in RAM.

Count up

USSR SO B R D S N S N S N O
TCLK2 pin I A B S R B B S

Measuring time

y

Count down

e B S B B e
rewepn _f L b F L L L

<
<

Y.

Measuring time

Figure2.30 2-Phase Encoder Count
2.7.2 Functions Used

This task example uses the following functions of the IPU to do a 2-phase encoder count. Figure
2.31isablock diagram of a 2-phase encoder count.

*  Function for detecting the phase differential of a 2-phase encoder pulse input to an external
clock pin (TCLK1, TCLK?2) and counting the ch7 counter up or down (phase counting mode).

*  Function for transferring the value of the counter operating on an external clock to the general
register upon a compare match with another channel (program cycle counting mode).
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(Set CH6 and CH7
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ment cycle) I source to T6GR2 counting mode)
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|
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|
|
|
|
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logic Tlme_r mode
16-bit counter 4_C_Ie_a_r____. l’ register B
(T6CNT) v (TMDRB) TCLK1 pin
Counter .
CH?7 (capture channel) control TCLK2 pin
Capture |
16-bit counter ~I§ General register 2-phase
(T7CNT) 2 (GR2) encoder
A
Count up/count down

Figure2.31 Block Diagram of 2-Phase Encoder Count

Table 2.30 lists the function allocations for this task example. |PU functions are allocated as shown
in table 2.30, and a 2-phase encoder count performed.

Table2.30 IPU Function Allocation

IPU Function Function
TCLK1, 2 Input pin for 2-phase encoder pulse.
T6GR2 Sets the measurement time.

2.7.3 Operation

Figure 2.32 shows the principles of operation. A 2-phase encoder count (count up) is done by
H8/538 hardware processing and software processing. Figure 2.33 shows the principles of
operation. A 2-phase encoder count (count down) is done by H8/538 hardware processing and
software processing.
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Figure2.32 Operation of 2-Phase Encoder Count (Upcount)
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Figure2.33 Operation of 2-Phase Encoder Count (Downcount)
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2.74 Software
Tables 2.31 through 2.34 list software information for this function.

Table2.31 Modules

Module Name Label Name Function

Main routine CNTMN Initializes 2-phase encoder count.
Compare match interrupt  RAMSET Stores the resulting count in RAM.
Overflow/underflow FLGSET Sets the error flag.

interrupt

Table2.32 Arguments

Data Name of Module
Label Name Function Length Used Ie]
CNT_RSLT Sets the results of counting during 2 bytes Compare match (0]
the measurement time. interrupt
ERRFLG Indicates whether an overflow or 1 bit Overflow/underflow o]
underflow has occurred. interrupt
1: Occurred; 0: None.
CNT_TIM Sets the measurement time. 2 bytes Main routine

Table2.33 Internal Registers Used

Name of Module

Register Name  Function Used

TMDRA Selects the channel pair to be operated in cycle-counting Main routine
mode.

TMDRB Selects ordinary operation/phase-counting mode operation  Main routine
for ch7.

T6CRH Selects the ch6 operating clock. Main routine

T6GR2 Sets the measurement time. Main routine

T7GR2 Sets the ch7 timer counter value at T6GR2 compare Compare match
match. interrupt

TSTR Starts or stops the count of chl—ch7 timer counters. Main routine
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Table2.34 General RegistersUsed

Name of Module Used Name of Register Function
Main routine RO Used as work space when setting data.
RAM:

This task example does not use RAM except for arguments.
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2.7.5 Flowcharts

1. Main routine 2. Compare match interrupt
( CNTMN ) ( RAMSET )
I I
Set stack pointer Save registers
to H'FE8O I
! Clear T6GR2 compare
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Figure2.34 2-Phase Encoder Count Flowchart
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2.8 2-Phase Encoder Count and 7-Phase PWM Output
Functions used: I1PU
2.8.1 Specifications

Asshown in figure 2.35, PWM output (7-phase) is produced on chl—ch3 for use in generating an
equilateral triangular waveform and the counter valueis found on ch4 and ch7 for the up-count or
down-count of the 2-phase encoder during the measurement period. The measurement is started by
thefal of IRQ1 and theresult is set in RAM.

PWMcycle

CH1 T1IOC1 pin “ ] " ] ]
output ¢ T1j0C2 : — : — —
pulse pin

T1OClpin © [ ] ]
CH2
output{ T20Cipin 1 1
puse Lr2i0c2pin 1 1 1
CH3
output { T3I0C1 pin ‘ I e N
pulse | T3l0C2 pin | ‘ L

IRQ1 l

;,:ﬁ’s“;{ Tekupin £ FL fFL FL fF L L
to CH7 (| TCKL2 pin IR 1 Lt oy LTl

Measuring time
(generated at CH4)

Figure2.35 PWM Output (7-Phase) and 2-Phase Encoder Count
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2.8.2 Functions Used

This task example uses the following functions of the IPU to produce PWM output (7-phase) for use
in generating an equilateral triangular waveform and does a 2-phase encoder count:

e Function that uses any of ch1—ch3, ch6 and ch7 as PWM timers (PWM mode)
e Function for clearing multiple timer counters simultaneously (synchronized clear)

» Function for detecting the phase differentia of a 2-phase encoder output pulse input to an
external clock pin (TCLK1, TCLK?2) and counting the ch7 timer up or down (phase counting
mode)

e Function for transferring the value of the counter operating on an external clock to the general
register upon a compare match with another channel (program cycle counting mode)

Figure 2.36 is a block diagram of the 2-phase encoder count, and figures 2.37 and 2.38 are block
diagrams of PWM mode and synchronized clear.

IPU
CH4 (compare generation channel)
(Set CH4 and CH7
(Set measurement (Set counter clear to program cycle
cycle) source to T4ADR2 counting mode)
Dedicated regis- c C??::;riomnzgh) ] Trlgng?srtgo:e
ter 2 (T4DR2) |~OM-
( ) pare register (TMDRA)
match| | (low) (TACRL) (Set CH7 to phase
~
Control countllng mode)
logic Timer mode
16-bit counter | Clear l’ register B
(TACNT) vy (TMDRB) TCLK1 pin
Counter -
CH7 (capture channel) control TCLK2 pin
Capture command |
16-bit counter ~I§ General register 2-phase
T7CNT 1 (T7GR1 encoder
(
A
Count up/count down

Figure2.36 Block Diagram of 2-Phase Encoder Count
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Figure2.37 PWM Output Block Diagram
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Figure2.38 Synchronized Clear Block Diagram
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Table 2.35 lists the function allocations for this task example. |PU functions are allocated as listed
in table 2.35, and the cycle is measured.

Table2.35 IPU Function Allocation

IPU Function

Function

TCLK1, 2

Input pin for 2-phase encoder pulse.

T110C1—3, T2I0C1—2,
T3I0C1—2

PWM pulse output pin.

T7CNT ch7 counter.

TACRL Selects ch4 counter clear source.

T4DR2 Sets the measurement time.

T7GR1 Sets the ch7 timer counter value at T4DR2 compare match.

T1CRL—T3CRL

Selects timer counter clear sources. chl (master): DR2 compare
match (selects synchronized clear source); ch2—ch3 (slave):
Synchronized clear

TMDRA Synchronizes operation of ch1—ch3, and sets ch4 and ch7 to
cycle-counting mode.
TMDRB Makes chl—ch3 operate as PWM timers, and sets ch7 to
phase-counting mode.
T1DR2 Sets the PWM cycle.
T1GR1 Sets the timer counter value that makes T1IOC1 output high.
T1GR3 Sets the timer counter value that makes T1IOC1 output low.
T1GR2 Sets the timer counter value that makes T110C2 output high.
T1GR4 Sets the timer counter value that makes T1I0OC2 output low.
T1DR1 Sets the timer counter value that makes T1OC1 output high.
T1DR3 Sets the timer counter value that makes T1OC1 output low.
T2GR1 Sets the timer counter value that makes T2IOC1 output high.
T2DR1 Sets the timer counter value that makes T2I0C1 output low.
T2GR2 Sets the timer counter value that makes T2I0C2 output high.
T2DR2 Sets the timer counter value that makes T2I0C2 output low.
T3GR1 Sets the timer counter value that makes T3IOC1 output high.
T3DR1 Sets the timer counter value that makes T3IOC1 output low.
T3GR2 Sets the timer counter value that makes T3IOC2 output high.
T3DR2 Sets the timer counter value that makes T3IOC2 output low.
TSTR Starts and stops chl—ch7 as timer counters.
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2.8.3 Operation

Figure 2.39 shows the principles of operation. A 7-phase PWM waveform is output for usein
generating an equilateral triangular waveform from the PWM output pins of chl—ch3 (everything
except T1LIOCL, T210C1 and T3IOCL1 is omitted) by H8/538 hardware processing and software
processing. Figure 2.40 shows the principles of operation. A 2-phase encoder count (upcount) is
done by H8/538 hardware processing and software processing. Figure 2.41 shows the principles of
operation. A 2-phase encoder count (count down) is done by H8/538 hardware processing and
software processing.
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Immediately
after reset

T1CNT count value
T1DR2
T1GR3

T1GR1
H'0000

T2CNT count value
T2DR1

T1IOC1 pin

T2I0C1 pin

T3IOC1 pin 41

%/_J

operation

« Set the counter clear sources for
CH1-CH3 as follows: CH1 for
T1DR2 compare match; CH2, CH3
for synchronized clear

Count start for CH1-CH3 timer

%f—j

/Hardware processing h /
None (Hardware processing h
Software processing « Generate compare
Initialize PWM output: match
« Set CH1-CH3 to PWM timer * Change PWM output
« Set to the registers the timer counter pin level to low
values that make_the (_)utput levels of Software processing
all PWM output pins high or low.
Initialize synchronized clear: \None Yy,
« Set CH1-CH3 to synchronized /

-

Hardware processing ()

Hardware processing\

* Generate compare
match

* Change PWM output
pin level to high

Clear the CH1-CH3
timer counters
(synchronized clear)

Software processing

\counters Y,

Software processing
\None Y,

\None

Figure2.39 PWM Waveform (7-Phase) Used to Generate an Equilateral
Triangle Waveform
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after reset
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IRQ1

TCLKI )

v 1

TCLK2 ] i

L R

Count value

Of TTCNT ool TR

T

H'FFFF

Count value
of TACNT
T4DR2

H'0000

" ——

Hardware processing

/Hardware processing\

/Hardware processing\

/ ‘/;

None

Software processing

Generate IRQ1
interrupt

Initial settings:

¢ Set CH4 and CH7 to the
program-cycle-counting mode

* Set CH7 to the phase-
counting mode

« Set the CH4 counter clear
source to the TADR2 compare
match

« Set the measurement time
in TADR2

« Set the CH7 timer counter
to H'8000

Software processing

IRQ1 processing:
Start CH4 and CH7

\tImEI’S Y,

» Transfer value of
CHZ7 timer counter
to T7TGR1

» Generate compare

match interrupt
(TACMI2)

/Hardware processing

Software processing

Generate overflow
interrupt (T70V1)

T4CMI2 processing:
T7GR1 - 2-phase

Software processing

T70VI processing:

S Enable the interrupts )

\Set error flag

encoder count results
S /

Figure2.40 Operation of 2-Phase Encoder Count (Upcount)
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HFFFE -
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H'FFFC -
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H7FFF
H'7FFE
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H'0002
H'0001
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/Hardware processing ) /Hardware processing\ /Hardware processing\
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Software processing interrupt CHY timer counter

Initial settings: Software processing to T7GR1

+ Set CH4 and CH?7 to the program- R — * Generate T4DR2
Q1 processing: compare match

cycle-counting mode ;
« Set CH7 to the phase-counting mode Start CH4 and CHY interrupt (TACMI2)
\timers )

* Set the CH4 counter clear source
to the TADR2 compare match - —

* Set the measurement time in T4DR2 Hardware processing

* Set the CH7 timer counter to H'8000 Generate underflow

\* Enable the interrupts | interrupt (T70VI)

Software processing

T4CMI2 processing:
T7GR1 - 2-phase
\encoder count results/

Software processing

T70VI processing:
\Set error flag )

Figure2.41 Operation of 2-Phase Encoder Count (Downcount)

97




2.8.4 Software

Tables 2.36 through 2.39 list software information for this function.

Table2.36 Modules

Module Name Label Name Function

Main routine ENPWMMN Initializes 2-phase encoder count and 7-phase
PWM output.

IRQ1 interrupt CNTSTART Starts the 2-phase encoder count.

Compare match interrupt  RAMSET Sets the results of the 2-phase encoder count in
RAM.

Overflow/underflow FLGSET Sets the error flag.

interrupt

Table2.37 Arguments

Data Name of
Label Name  Function Length  Module Used I/0
CNT_RSLT Sets the results of 2-phase encoder counting 2 bytes Main routine (0]
during the measurement time.
ERRFLG Indicates whether an overflow or underflow 1 bit Overflow/ (0]
has occurred. underflow
1: Occurred; 0: None. interrupt
CNT_TIM Sets the measurement time. 2 bytes  Compare match O
interrupt
PWM_HI1 —  Sets the timer counter value corresponding to 2 bytes Main routine |
PWM_H17 High width of the pulse. The pulse High width
is found by the following equation. Pulse High
width (ns) = Timer counter value x System
clock cycle (100 ns when operating at
10 MHz) x Input clock division ratio for each
channel.
PWM_CYC Sets the timer value corresponding to PWM 2 bytes Main routine |

cycle. The PWM cycle is found by the
following equation. PWM cycle (ns) = Timer
counter value x System clock cycle (100 ns
when operating at 10 MHz) x Input clock
division ratio for each channel.
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Table2.38 Internal Registers Used

Name of Module

Register Name  Function Used
T4CRL Selects ch4 counter clear source. Main routine
T4DR2 Sets the measurement time. Main routine
T7GR1 Sets the ch7 timer counter value at TADR2 compare match.  Compare match
interrupt
T1CRL—T3CRL Selects timer counter clear sources. chl (master): DR2 Main routine
compare match (selects synchronized clear source);
ch2—ch3 (slave): Synchronized clear
TMDRA Synchronizes operation of chl—ch3, and sets ch4 and ch7
to cycle-counting mode.
TMDRB Makes chl—ch3 operate as PWM timers, and sets ch7 to
phase-counting mode.
T1DR2 Sets the PWM cycle.
T1GR1 Sets the timer counter value that makes T1I0C1 output high.
T1GR3 Sets the timer counter value that makes T1I0C1 output low.
T1GR2 Sets the timer counter value that makes T1I0C2 output high.
T1GR4 Sets the timer counter value that makes T1I0C2 output low.
T1DR1 Sets the timer counter value that makes T10C1 output high.
T1DR3 Sets the timer counter value that makes T10C1 output low.
T2GR1 Sets the timer counter value that makes T2I0C1 output high.
T2DR1 Sets the timer counter value that makes T2I0C1 output low.
T2GR2 Sets the timer counter value that makes T2I0C2 output high.
T2DR2 Sets the timer counter value that makes T2I0C2 output low.
T3GR1 Sets the timer counter value that makes T3IOC1 output high.
T3DR1 Sets the timer counter value that makes T3IOC1 output low.
T3GR2 Sets the timer counter value that makes T3I0OC2 output high.
T3DR2 Sets the timer counter value that makes T3I0OC2 output low.
TSTR Starts and stops chl—ch7 as timer counters. Main routine,

compare match
interrupt
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Table2.39 General RegistersUsed

Name of Module Used Name of Register Function

Main routine, compare match RO Used as work space when setting data.
interrupt, overflow/underflow

interrupt

RAM:

This task example does not use RAM except for arguments.
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2.8.5 Flowcharts

Main routine

( ENPWMMN )

I
| Set stack pointer to H'FE80 |
|

| Set CH4 and CH?7 to cycle-counting mode |
|

| Set CH7 to phase-counting mode |
T
Set the clear source of the CH4 timer

counter to T4DR2 compare match
|

Set measuring time to T4DR2
I
Set CH7 timer counter to H'8000
I
Clear error flag
I

Set CH4 and CHY interrupt levels to 7
I

| |
| |
| |
| |
| Enable TADR2 compare match interrupt |
| |
| |
| |
| |

I
Enable CH7 overflow interrupt
I
Set interrupt mask level to 6
|
Set CH1-CH3 to synchronized operation
I
Set CH1-CH3 to PWM timer
I
Set the counter clear sources for CH1-CH3
as follows: CH1 for TADR2 compare
match; CH2, CH3 for synchronized clear
|
Set the PWM cycle (TIDR2 —~ PWM cycle)
I
Set the timer counter values that
make the output levels of all PWM
output pins high or low to the registers
|

| Start CH1-CH3 count |

.

Figure2.42 2-Phase Encoder Count and 7-Phase PWM Output (1 of 2)
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2. Compare match interrupt 3. Overflow underflow interrupt

( RAMSET ) ( FLGSET )
I I

Save registers Clear CH7 overflow/
I underflow interrupt
Clear T4DR2 compare request flag
match interrupt I
request flag Set error flag
I I
Store T7GR1 value RTE
- results of 2-phase

encoder count

I
Disable generation of 4. IRQL1 interrupt
T4ADR2 compare match
interrupt ( CNTSTART )
I
Disable CH7 L

overflow interupt Save rTglsters

I
Stop CH4 and CH7 count CH4 and CH7 start count

[ [

Restore registers Restore registers

(e ) ( me )

Figure2.43 2-Phase Encoder Count and 7-Phase PWM Output (2 of 2)
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2.9 A/D Converter Startup by 1PU and A/D Conversion
Functions used: IPU, A/D.
29.1 Specifications

As shown in figure 2.44, a 12-channel voltage (0—3.5 V) isinput to the H8/538 and the results of
A/D conversion are stored in RAM.

The A/D converter is started up upon the TIDR2 compare match of the IPU.

H8/538
Input voltage channel 0 > ANO
Input voltage channel 1 > ANL
Input voltage channel 2 ol AN2
Input voltage channel 3 >l AN3
Input voltage channel 4 > AN4
Input voltage channel 5 >l ANS
Input voltage channel 6 > ANG
Input voltage channel 7 > AN7
Input voltage channel 8 »| ANS
Input voltage channel 9 >l ANO
Input voltage channel 10 »| AN10
Input voltage channel 11 ol AN1L

Figure2.44 Block Diagram of Voltage M easurement Using the H8/538
2.9.2 Functions Used
This task example uses the following functions of the A/D converter:

*  Function for automatically doing A/D conversion of channels 1—12 (ANO—AN11) without
software (scan mode)

*  Function for starting up the A/D converter on |PU compare match
*  Function for generating interrupt at end of A/D conversion

Figure 2.45 isablock diagram of A/D converter startup and 12-channel A/D conversion.
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A/D converter CH1

(Generates the A/D data register 0 (DR2 compare
comparison voltage) —» (ADDRO) match output
L, A/D data register 1 set to low)
(ADDR1) _ Timer output
02 > A/D data register 2 enable register
S| [ADDR2) (TLOER)
— 3 g | A/D data register 3
Vref S o ; (ADDR3) (Sets the A/ID
35v) | E ﬁ & | | AID data register 4 converter
' g |T E (ADDR4) startup time)
AVgs - 10-bit| ] S _%_’ 9Qe . A/D data register 5 Dedicated
AV o D/A 8 EJ (ADDRS) - register Control
cC g L, A/D data register 6 (TLDR2) logic
= (ADDR6)
o - A
3 L A/D data register 7
(ADDRY7) v
A/D data register 8 Comparator |—
| (ADDRS) 7 g:rr:'
A/D data register 9
>
(ADDR9) . match
|| A/D data register A 16-bit counter
(ADDRA) (TICNT)
Ly A/D data register B
- (ADDRB)
ANg -+
AN; > AID
AN, > (Measures interrupt (ADI)
AN > 2 voltage c | >
AN o2 retention) ompar- AD Low
S I R i | ator con- . compare
ANs » S |  Sample and version Sethit7to 0 match
ANg > g’ : hold circuit : control ADTRG signal
AN7 | © H—0 ' circuit _‘ register <
ANg > é : /;l; : AA
ANg T—» ittt S Y _
ANjg > (Measurement pin selection) : ;
AN]_]_ » | w =0
: | :
(A/D conversion mode and g \\ o—¢
measurement pin selection) OBit7=1
| AID control/status register (ADCSR) |— OO AU 5
(A/D conversion time, A/D conversion
start and end settings) o o
| A/D control register (ADCR) I— ADTRG pin  T10C2 pin

Figure2.45 Block Diagram of A/D Converter Startup and A/D Conversion
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Table 2.40 lists the function allocations for this task example.

Table2.40 A/D Converter and | PU Function Allocation

Register Name Function

ADCSR Selects the A/D conversion mode (simple mode/scan mode) and the
measurement pin.

ADCR Sets the conversion time and the start/stop of measurement.

ADDRO—ADDRB Stores the results of A/D conversion.

T1DR2 Sets the startup period of the A/D converter.

2.9.3 Operation

Figure 2.47 shows the principles of operation. As the figure shows, TIDR2 compare match starts up
the A/D converter and the voltage input to ANO—AN11 is A/D sequentially converted three times
in groups of 4 channels, ANO—AN3, AN4—AN7, and AN8—AN11. The results of A/D
conversion stored in ADDRO—ADDRB are stored in the 24 bytes of RAM SCN_REO—
SCN_RE11.
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Count value
of TAICNT

T1DR2 __74"_ __________________________________________
H'0000 — -

A/D start
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A/D finish
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AN
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i

\\\\

Hardware processmg

Hardware processing

Hardware processmg
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compare match

« Start A/D conversion
(Set ADST)

« Execute A/D conver-
sion of ANO—-AN3

« Sequentially store
ADDRO-ADDR3 as
conversion results

« Execute A/D conver-
sion of AN4-AN7

« Sequentially store
ADDR4-ADDRY7 as
conversion results

« Execute A/D conver-
sion of AN8—AN11

« Sequentially store
ADDR8-ADDRB as
conversion results

Software processing

Software processing

Software processing

Software processing

None
/\7—/ \None \None ) \None )
e . N
Hardware processing Hardware processing /Hardware processing
None « Set ADF « Set ADF
Software processing « A/D interrupt « A/D interrupt
generation (ADI) generation (ADI)
Set A/D converter:
« Set 12-channel scan mode as Software processing Software processing
the conversion mode ADI processing: ADI processing:
. _Set ANO-AN11 as the analog « Clear ADI « Clear ADI
input channel
) « Increment counter of « Increment counter of
« Set 134 states as the conversion : :
time A/D interrupt A/D interrupt
. occurrence occurrence
Enable A/D interrupt « Results of ANO—AN3 « Results of AN4—AN7
Set startup by IPU: . .
« Set TIDR2 compare match A/D conversion A/D conversion
: results stored in RAM results stored in RAM
signal output level to low \ J \ J
« Set startup time of A/D N

converter in TLDR2
* Set ADTRG register bit 7 to 0
Clear A/D interrupt occurrence
counter
Clear the A/D conversion
finish flag
Start CH1 count

.

/Hardware processing

» Set ADF

« A/D interrupt generation (ADI)

Software processing

-

ADI processing:
* Clear ADF

« Increment counter of A/D interrupt occurrence

* Results of AN8—AN11 A/D conversion results stored in RAM
« Set A/D conversion finish flag
« Stop A/D conversion

J

Figure2.46 Principlesof A/D Converter Operation
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2.9.4 Software
Tables 2.41 through 2.45 list software information for this function.

Table2.41 Modules

Module Name Label Name Function

Main routine ADSCNMN Sets the A/D converter and A/D converter startup by
IPU.

A/D interrupt SCNEND Upon ADI, stores A/D conversion results to RAM

and stops A/D conversion.

Table2.42 Arguments

Label Name, Data Name of
Register Name Function Length Module Used 1/0
SCN_REO Sets the results of 12-channel 2 bytes A/D interrupt 0o

A/D conversion. The 10-bit
conversion results are set as
follows.

Bit 7 Bit 0
SCN_REO to SCN_RE7 upper byte | AD9| AD8| AD7| AD6| AD5| AD4| AD3| AD2

SCN_REO to SCN_RE7 lower byte | AD1| ADO

ADO-AD?9 indicates the bit number of the
A/D conversion results

SCN_RE1
SCN_RE2
SCN_RE3
SCN_RE4
SCN_RE5
SCN_RE6
SCN_RE7
SCN_RES8
SCN_RE9
SCN_RE10
SCN_RE11

SCN_ENDF Flag indicating whether the 1 bit A/D interrupt o
12-channel A/D conversion

; Main routine |
is completed.

ADSTRTIM Sets the counter value at startup 2 bytes Main routine |
of the A/D converter.
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Table2.43 Internal Registers Used

Name of Module

Register Name  Function Used

ADCSR Selects A/D conversion mode (simple mode/scan mode), Main routine
analog input channgl and enable/disable A/D interrupt at A/D interrupt
end of A/D conversion.

ADCR Selects A/D conversion time. Main routine

ADDRO— Stores A/D conversion results. A/D interrupt

ADDRB

T10ERA Selects ch1l compare match output level. Main routine

T1DR2 Output compare register that sets A/D converter startup Main routine
time.

ADTRG Selects enable/disable of A/D converter startup by IPU. Main routine

TSTR Starts and stops chl—ch7 timer counters. Main routine

Table2.44 General RegistersUsed

Name of Module Used Name of Register Function

A/D interrupt RO Used as work space when storing data.

Table2.45 RAM

Name of Module Used Name of Label Function

A/D interrupt ADICNT Counts the number of A/D interrupts generated.
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2.9.5 Flowcharts

1. Main routine

C ADSCNMN )

|
Set stack pointer to H'FE80
|
Set A/D conversion time to 134 states
|
Set 12-channel scan mode as the A/D
conversion mode, set ANO—AN11
as the analog input channel,
and enable A/D interrupt
|

Set TIDR2 compare

match output level to low
I

Set A/D converter startup time in TLDR2
I

Enable startup of A/D converter by IPU
I

Clear flag indicating 12-channel
A/D conversion finish
I

Clear A/D interrupt counter
I

Set A/D converter interrupt level to 7
I
Clear A/D interrupt request flag
I

Set the interrupt mask level to 6
I
Start CH1 count

l€
<«

Is measurement of all
12 channels finished?

Figure2.47 A/D Conversion (1 of 2) Flowchart
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A/D interrupt

(

SCNEND )

Save registers

Clear A/D interrupt
request flag

Increment the counter
A/D interrupts counter

Does number
of A/D interrupts
=1?

Does number
of A/D interrupts
=2?

Set results of ANO-AN3
A/D conversion in RAM

Set results of ANA-AN7
A/D conversion in RAM

Set results of AN8—AN11
A/D conversion in RAM

<

Set flag indicating 12
channel A/D conversion
is finished

Stop A/D conversion

Restore registers

(

RTE )

Figure2.48 A/D Conversion (2 of 2) Flowchart
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2.10 Multiprocessor Communication

Functions used: SCI (Multiprocessor communication).

2.10.1 Specifications

1

As shown in Figure 2.49, three H8/538 units send and receive data using a common seria
communicationsline.

The master H8/538 transfers 1 byte of datato each slave H8/538 and the slave H8/538 units
receive only the data sent to them individualy.

The datais sent and received at 9600 bps, 8-bit data, 1 stop bit and no-parity.

H8/538
(master)
TXD

v Serial communications circuit

\ A

RXD RXD
H8/538 H8/538
(slave) (slave)

(ID =01) (ID = 02)

Figure2.49 Asynchronous SCI Interface that Uses Multiprocessor Functions

2.10.2 Functions Used

This task example uses the multiprocessor communication functions of the SCI to perform
multiprocessor communications.

Figure 2.50 is a block diagram of the master SCI used in this task example. The SCI shown in
the block diagram uses the following functions for master side transmission:

Function for communicating in aformat with an appended multiprocessor bit (multiprocessor
communication function).

Function for generating an interrupt at the start of transmission (TXI interrupt).

Function for generating an interrupt at the end of transmission (TEI interrupt).

123




Set interrupt
Set transmission mode

| Serial control register (SCR) li

Set asynchronous mode
Set serial communications format
Set multiprocessor mode Serial output

; i in (TXD
| Serial mode register (SMR) |_ |Transmit shift register (TSR) |—>p (TXD)
¥ 1

| Transmit/receive control circuitl—
A A A
Specify multiprocessor bit | Transmit data register (TDR) |

| Serial status register (SSR) |—

Generation of transfer rate

|
| Baud rate generator |:7
T |

| Baud rate register (BRR) |

Transmission end interrupt (TEI) *——
Transmission data empty interrupt (TRI)

Figure2.50 Master SCI Block Diagram

Figure 2.51 isablock diagram of the slave SCI used in this task example. Table 2.46 lists SCI
function allocation. SCI functions are allocated as shown in the table to perform multiprocessor
communications. The SCI shown in the block diagram uses the following functions for slave side
reception:

*  Function for asynchronous data communication, which synchronizesin character units
(asynchronous mode)

*  Function for communicating in aformat with an appended multiprocessor bit (multiprocessor
communication function)

* Function for generating an interrupt when a multiprocessor hit is received (multiprocessor
interrupt)

*  Function for generating an interrupt at the end of reception (RXI interrupt)
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Serial input

Set interrupt
Set reception mode

4| Serial control register (SCR) |

Set asynchronous mode
Set serial communications format
Set multiprocessor mode

in (RXD i i
4“ (RXD) Receive shift register (RSR)| _| Serial mode register (SMR)|

A y
—| Receive control circuit |
y

A
| Receive data register (RDR) | - Generation of transfer rate ___ I

>

L——» Multiprocessor interrupt
Reception end interrupt (RXI)

Figure2.51 Slave SCI Block Diagram

Table2.46 SCI Function Allocation

SCI Function Function

RXD Receives data from H8/538.

TXD Transmits data to H8/538.

SMR Sets SCI to asynchronous mode and multiprocessor mode.

SCR Enables transmit/receive interrupts and sets SCI to transmit/receive mode.
SSR Sets start-transmission/multiprocessor bit.

RDR Sets data received from H8/538.

TDR Sets data to transmit to H8/538.

BRR Sets transfer speed.
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2.10.3 Operation

Figures 2.52 through 2.54 show slave side operation.

Immediately
after reset

}

TXD ‘ | [Ioron[] [ pAaTa] [ [prHo2)] || ] DATA] |
TDRE —I [ I [ |
TN : : : S

\ \M / |

(Hardware processing (Hardware processmg (Hardware processing A
None TDRE set (TXI TDRE set (TXI interrupt
Software processing interrupt occurs) occurs)

— - ID transmission starts DATA transmission starts
Initial setting: - -
« Set SCI to asynchro- Software processing Software processing
nous mode DATA transmission DATA transmission:
* Set transfer rate preparation: N Clear MPBT )
« Enable transmission, « Set transmit DATA
transmission interrupts to TDR / \
(TXI), and transmission| | « Clear TDRE s - ™~
end interrupts (TEI) ID transmission: Hardware processing
« Enable multiprocessor \ Set MPBT Y, Set TEND (TEI interrupt
communication P T N occurs)
ID transmission i -
preparations: Hardware proce§5|ng Software processing
¢ SetIDin TDR -(I)—?CF;FS)S et (TXI) interrupt Stop transfer:
* Clear MPBT DATA transmission starts | \_ Clear TE J
e Clear TDRE
\ | Software processing
ID transmission
preparation:
» SetID to TDR
 Clear TDRE
DATA transmission:

N Clear MPBT

Figure2.52 Multiprocessor Communication (Master Side)
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Immediately
after reset

}

RXD ‘ || D

|| [[ pata ||

RDRF

|

MPIE |
/\

i
X

communication
ID reception:

» Set MPIE
-

€ Hardware processing N (G Hardware processing A
None RDRF set (RXI interrupt
Software processing oceurs)

Clear MPIE
Initial setting: -
 Set SCI to asynchro- Software processing
nous mode ID identification (other
* Set transfer rate station ID):
« Enable reception and » Fetch ID from RDR
reception interrupts (RXI) « Clear RDRF
» Enable multiprocessor S Set MPIE )

Figure2.53 Save Side of SCI (Operation When the I D of Another Station is Received)
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Immediately
after reset

RXD ‘ || b []]|]DpATA]]

RDRF | [l [l
MPIE | |

/\ A \

€ Hardware processing Hardware processmg € Hardware processmg\

None RDRF set (RXI RDRF set (RXI
Software processing interrupt occurs) interrupt occurs)

- P Clear MPIE Software processing
Initial setting: Soft -
* Set SCI to asynchro- oftware processing DATA reception:

nous mode ID identification * Data fetched from
« Set transfer rate (own ID): RDR
* Enable reception * Fetch ID from RDR * Clear RDRF

and reception " Clear RDRF AN Set MPIE )

interrupts (RXI)
» Enable multiprocessor
communication
ID reception:
. MPIE
U Set

Figure2.54 Block Diagram of Slave Side of SCI (Operation when Own ID is Received)
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2.10.4 Software

Tables 2.47 through 2.50 list software information for this function.

Master:

Table2.47 Modules

Module Name Label Name Function

Main routine MPMASMN Initializes SCI.

Data transmission MPSCITX Starts up on TXI interrupt and transmits ID and data.
Transmission end MPSCITE Starts up on TEI interrupt and stops transmission.
Table2.48 Arguments

Label Name, Data Name of Module

Register Name Function Length Used /0
TXDATA Pointer to transmit data (ID, data) 2 bytes Main routine 0]

Data transmission |

Table2.49 Internal Registers Used

Name of Module

Register Name Function Used
SMR Sets communication mode, send/receive format and Main routine
selection of clock to baud rate generator.
SCR Selects enable/disable for interrupts, enable/disable for Main routine
send/receive operation, and SCI clock source. Transmission end
SSR Sets the status flag indicating the SCI operating status Main routine
zrannuc:titgre;(t:r::ssc:rr]iétiitnrge(r:r;lij\llt(iar:jr.ocessor bit and stores the Data transmission
TDR Sets data to be transmitted. Main routine
Data transmission
BRR Sets send/receive bit rate. Main routine
Table250 General RegistersUsed
Name of Module Used Name of Register Function
Main routine RO, R1 Used as work space when sending transmit
data to TDR.

Data transmission
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RAM:

This task example does not use RAM except for arguments.

Slave:

Tables 2.51 through 2.55 list software information for this function.

Table2.51 Modules

Module Name Label Name Function
Main routine MPSRVMN Initializes SCI.
Data reception MPSCIRX Starts up on RXI interrupt and receives data

addressed to itself only.

Table2.52 Arguments

Label Name, Data Name of Module
Register Name Function Length Used I/O
RO Sets received data. 1 byte Data reception |
Main routine (0]
DTRCVF Flag indicating data reception. 1 bit Data reception o
1: Data received,; Main routine |

0: No data received.

Table2.53 Internal Registers Used

Name of Module

Register Name Function Used

SMR Sets communication mode, send/receive format and Main routine
selection of clock to baud rate generator.

SCR Selects enable/disable for interrupts, enable/disable for Main routine
send/receive operation, and SCI clock source. Data reception

SSR Sets the status flag indicating the SCI operating status Data reception
and the transmitting multiprocessor bit and stores the
multiprocessor bit received.

RDR Stores data received. Data reception

BRR Sets send/receive bit rate. Main routine

IPRF Sets the SCI interrupt priority order. Main routine
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Table2.54 General RegistersUsed

Name of module Name of Register

Function

Main routine RO

Data reception

Used as argument that transfers received data to
main routine.

Table2.55 RAM Used

Name of Label Name of Module Used

Data Length Function

RXDATA Main routine

1 byte Stores received data.
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2.10.5 Flowcharts
Master Operation:

Figure 2.55 shows the principles of operation of thistask on the master side. Hardware and software
run on the timing shown in the figure to send data to the receiving H8/538 units.

Master side
a. Main routine

( Main routine

b. Data transmission

)
I

Set stack pointer
to H'FE80

I

Set SMR of the following:

« Data length: 8 bits

« Stop bit length: 1 bit

» Multiprocessor format

» Asynchronous mode

« Baud generator:
system clock

I

Set the transmission
bit rate to 9600 bps

I

Set the MPBT to 1

I

Transfer transmission
data (ID) to TDR
I
Set the SCl interrupt
level to 7
I
Set the interrupt mask
level to 6
I
Enable transmission ‘

I

Start transmission
(clear TDRE)

I

’ Save registers ‘
T

Transfer next transmit
data to TDR
T

Invert MPBT ‘

transmit data (ID)
= H'FF (data table

Disable transmit data
empty interrupt

Transfer transmit
data to TDR

I

I

Enable transmit
end interrupt

Transmission start
(clear TDRE)

[«

]

|

Restore registers ‘

RTE

c. Transmission ends

Enable transmission data
empty interrupt (TXI)

)

Transmission ends )

]

I
Disable transmission
operation
I
Disable transmission
end interrupt

RTE
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Slave Operation:

Figure 2.56 shows the principles of operation of thistask on the slave side. Hardware and software
run on the timing shown in the figure to receive data from the transmitting H8/538 unit.

1. Slave side
a. Main routine

( Main routine )

I
| Set stack pointer to H'FE80 |
T
| Set SCl interrupt level to 7 |
T
| Set interrupt mask level 6 |

I
Set SMR of the following:
« Data length: 8 bits
« Stop bit length: 1 bit
» Multiprocessor format
» Asynchronous mode
» Baud generator:
system clock
T
Set the reception bit
rate to 9600 bps
T
Set the SCR as follows:
* Enable reception
operation
» Enable multiprocessor
interrupts
« Enable reception finish
interrupt

—_—

Data
reception ended?

No

Store the reception data
in RXDATA

-

Figure2.56 Multiprocessor Communication Operation (Slave Side)
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b. Data reception

C Data reception )

I
Clear reception interrupt
request flag (RDRF)
|
RO ~ reception data

Reception data = ID No

(MPB = 1)?

RO = own ID?

Yes

Enable multiprocessor Set DTRCVF

interrupt (set MPIE)

v
)

A

Figure2.57 Multiprocessor Communication Flowchart
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