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Introduction

This application note describes activation of the A/D converter at a compare-match (TGRE_0) in MTU2 channel 0
(ch0) of the SH7216. This function can be used to perform A/D conversion at atiming specified by the user.

Note that although the program code presented in this application note has been verified to work as intended, it should
be checked in the actual operating environment before being put into actual use.
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SH7216 Group A/D Converter Activation at MTU2 Channel 0 Compare-Match

1. Preface

1.1 Specifications

In this sample task, MTUZ2 channel 0 (ch0) is used to activate the A/D converter, which performs A/D conversion of the

voltage applied to the ANO pin. The specifications of this sample task are listed below.

e MTUZ2 chO operatesin PWM mode 1, outputting a PWM waveform from the TIOCOA pin.

e TheA/D converter is activated at a compare-match with TGRE_0in MTU2 chO.
e TheA/D conversion result is stored in the on-chip RAM.
e A/D converter operatesin single mode.

o After A/D conversion is performed three times, MTU2 chO timer count operation stops.

< SH7216 >

<MTU2 > TIOCOA > PWM waveform
Channel 0 pin output
Compare-match signal
(A/D converter activation source)
——  <A/D module 0> ——
On-chip RAM | «¢ Store_ A/D ADDRO ANO pin < Applied
conversion data voltage

Figure 1 Block Diagram of A/D Conversion Using MTU2

On-chip RAM (6 bytes)

1st conversion data

A/D data register 0 2nd conversion data
(ADDRO)

3rd conversion data

2 bytes

2 bytes
2 bytes
2 bytes

Figure 2 Storage of A/D Conversion Data in On-Chip RAM

1.2 Functions

e A/D converter (ADC)

e Multi-function timer pulse unit 2 (MTU2)
e Clock pulse generator (CPG)

e Pinfunction controller (PFC)

o Interrupt controller (INTC)
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SH7216 Group A/D Converter Activation at MTU2 Channel 0 Compare-Match

1.3 Applicable Conditions
MCU SH7216
Operating frequency Internal clock: 200 MHz
Bus clock: 50 MHz
Peripheral clock: 50 MHz
MTU2S clock: 100 MHz
AD clock: 50 MHz
Integrated development environment Renesas Electronics High-Performance Embedded Workshop Ver.4.07.00

C compiler Renesas Electronics SuperH RISC Engine Family
C/C++ Compiler Package, Ver.9.03.00 Release02
Compile options High-performance Embedded Workshop default settings

(-cpu=sh2afpu -pic=1 —obj ect="$(CONFIGDIR)\$(FILELEAF).obg"
-debug —gbr=auto —chgincpath —errorpath —global_volatile=0
-opt_range=all —infinite_loop=0 —del_vacant_loop=0

-struct_alloc=1 —ologo)

1.4 Related Application Notes

Application notes related to this application note are listed below. Refer to them in conjunction with this application
note.

e SH7216 Group Application Note: A/D Converter Activation Skipping Using MTU2
e SH7216 Group Application Note: Delayed Activation of A/D Converter by MTU2
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A/D Converter Activation at MTU2 Channel 0 Compare-Match

2. Overview

The sample program activates the A/D converter (ADC) at a compare-match in chO of multi-function timer pulse unit 2

(MTU2).

21
211

Operation of Functions
Multi-Function Timer Pulse Unit 2 (M

TU2)

Channel 0 of MTUZ2 uses PWM mode 1. Figure 3 isablock diagram of MTU2, and figure 4 is a block diagram of the

functioning of chO of MTU2.
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TSTR: Timer start register

TSYR: Timer synchronous register
TCR: Timer control register

TMDR: Timer mode register

TIOR: Timer I/O control register
TIORH: Timer I/O control register H
TIORL: Timer I/O control register L
TIER: Timer interrupt enable register
TGCR: Timer gate control register
TOER: Timer output master enable register
TOCR: Timer output control register
TSR: Timer status register
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TCNTS: Timer subcounter
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: Timer cycle buffer register
: Timer dead time data register
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: Timer general register B

: Timer general register C

: Timer general register D

: Timer general register E
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: Timer general register V
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Channel 0: TRGON
Channel 4: TRG4AN
TRG4BN

Interrupt request signals
Channel 0: TGIA_O
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TCIV_O0
TGIA_1
TGIB_1
TCIV_1
TCIU_1
TGIA_2
TGIB_2
TCIV_2
TClU_2

Channel 1:

Channel 2:

Figure 3 MTU2 Block Diagram
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A/D Converter Activation at MTU2 Channel 0 Compare-Match

Timer counter_0
(TCNT_0)

Timer general register E_0

(TGRE_0)

|

|

Comparator

Timer /O control
register H_O
(TIORH_0)

Compare-match signal

I

I

(TGRA_0)

Timer general register A_0

Timer general register B_0

(TGRB_0)

Timer interrupt enable
register_0
(TIER_O)

Timer interrupt enable
register 2_0
(TIER2_0)

—»

Interrupt control

Output control

PWM waveform
—»  output
(TIOCOA pin)

Interrupt signal

A/D converter
block activation
source

Figure 4 Block Diagram of MTU2 chO

o Timer general register A_O (TGRA_0) operates as a compare register. The PWM waveform cycleis setin TGRA_O.
e Timer general register B_0 (TGRB_0) operates as a compare register. The PWM waveform duty is set in TGRB_O.
o Timer general register E_O (TGRE_0) operates as a compare register. The A/D conversion timing isset in TGRE_O.
e Timer counter O (TCNT_0) isa 16-hit readable/writable counter. The TCNT_0 counter is cleared when a compare-

match with TGRA_0 occurs.

e Timer 10 control register H_0 (TIORH_OQ) is an 8-bit readable/writable register. The functions of TGRA_0 and
TGRB_0, and the output level of the TIOCOA pin, are setin TIORH_O.

e Timer interrupt enable register O (TIER_0) is an 8-bit readable/writable register. Enabling/disabling of interrupt
requestsis controlled by TIER 0.

e Timer interrupt enable register 2_0 (TIER2_0) is an 8-bit readable/writable register. Interrupt requests related to
TGRE_0 and TGRF_0, and enabling/disabling of A/D converter activation by TGRE_0, are controlled by TIER2_0.
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A/D Converter Activation at MTU2 Channel 0 Compare-Match

2.1.2

A/D Converter

In the sample task, A/D module O is activated by MTUZ2 at the A/D conversion start trigger, and A/D conversion takes
place in single mode. Figure 5 is a block diagram of the A/DO module, and its functions are described below.

AID start
trigger select

register 0
(ADSTRGR_0)

A/D activation
request signal

<A/DO >
ko
AVee — 2
12-bit 2 2 : AID control |[ A/D stat
AVer 19! DA [€H5 c P AD data register O ‘contro  status
AV. 82 (ADDRO) register_0 register_0
ss =P S g (ADCR_0) (ADSR _0)
g
S
o
@©
? Y
5 0 O [ : Cl:omparator Control circuit
Fo -
ANO ——P g %‘ Sample-and-hold circuit
£ |«

)l

»interrupt signal (ADIO)

MTU2
channel0

Figure 5 Block Diagram of A/D Module 0

o A/D dataregister 0 (ADDRO) is a 16-bit read-only register that stores the conversion result from anal og input
channel (ANO). The conversion dataiis stored in bits 15 to 6 of ADDR, and the value of the lower 6 bitsis aways 0.

e A/D control register 0 (ADCR_0) and A/D status register 0 (ADSR_0) control A/D conversion operation.

o A/D start trigger select register 0 (ADSTRGR_0) is set to external trigger for A/D conversion start requests.
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3. Operation

Figure 6 illustrates the operation of the sample program, and table 1 lists the software and hardware processing steps.

TCNT_O0 A

TGRA_O

TGRB_0

TGRE_0

H'0000

TIOCOA pin
(PWM
waveform
output)

ADST

ADF

|

i T

Processing
step [1] Processing
step [3]

step [1] Processing

Processing
step [1]

Processing
step [5]

step [3]

Processing Processing
step [2] step [4]

Processing
step [2]

Processing
step [2]

Processing
step [4]

Figure 6 Operation

Table1l Software And Hardware Processing

Software Processing

Hardware Processing

Processing — e Activate A/D converter (A/D conversion
step [1] start) at compare-match of TCNT_0 and
TGRE_O.

Processing e Clear ADF flag at A/D end interrupt. e At end of A/D conversion set ADF flag to
step [2] e Store A/D conversion result in on-chip 1.

RAM. e |Issue A/D end interrupt.
Processing — e Output H-level on TIOCOA pin at
step [3] compare-match of TCNT_0 and TGRB_O.
Processing e Clear TGFA_O flag at TGRA_0 compare- e Output L-level on TIOCOA pin at
step [4] match interrupt. compare-match of TCNT_0 and TGRA_O.

e Change duty (TGRB_0) and A/D e Clear TCNT_O.

conversion timing (TGRE_O). e Issue TGRA 0 compare-match interrupt.
Processing e Clear CTSO bit in TSTR register to 0. e Stop MTU2 chO timer count operation.
step [5]
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SH7216 Group A/D Converter Activation at MTU2 Channel 0 Compare-Match

4. Software

4.1 Modules
Table 2 lists the modul es of the sample task.

Table 2 Modules

Module Label Description

Main routine main() Performs initial settings for MTU2 and A/D module, and
starts timer count.

TGRA_O0 interrupt routine int_tgia0() Updates duty and A/D converter activation cycle.

A/D conversion end interrupt int_adO() Stores A/D conversion result in on-chip RAM and stops

routine timer count.

4.2 Internal Registers

Tables 3to 6 list the registers used in the sample task. Note that the setting values shown are those used in the sample
task and differ from the initial values.

Table 3 Internal Registers Used (1)

Register Setting
|Bit [BitName |Value | Description
Frequency control register
Specifies the division ratios of the operating frequencies relative to
FROCR H0241 the output frequency of the PLL circuit.

When FRQCR = H'0241, the division ratios are as follows:
Internal clock: x1, bus clock: x1/4, peripheral clock: x1/4, MTU2S
clock: x1/2, MTU2 clock: x1/2

STBCR3 H'BE Standby control register 3

Module stop bit 35
S MSTP35 0 When MSTP22 = b'0, the clock is supplied to MTU2.
Module stop bit 32

2 MSTP32 0 When MSTP16 = b'0, the clock is supplied to ADC_0.
PECRL1 H'0001 | Port E control register L1

15 — 0 Reserved bit

14 PE3MD2 0 PE3 mode bits

13 PE3MD1 0 When PE3MD[2-0] = b'000, the pin function is set to PE3

12 PE3MDO |0 (general I/O).

11 — 0 Reserved bit

10 PE2MD2 0 PE2 mode bits

9 PE2MD1 0 When PE2MD[2-0] = b'000, the pin function is set to PE2

8 PE2MDO 0 (general 1/0).

7 — 0 Reserved bit

6 PE1MD2 0 PE1 mode bits

5 PE1MD1 0 When PE1MD[2-0] = b'000, the pin function is set to PE1

4 PE1MDO 0 (general 1/0).

3 — 0 Reserved bit

2 PEOMD2 0 PEO mode bits

1 PEOMD1 0 When PEOMD[2-0] = b'100, the pin function is set to TIOCOA.

0 PEOMDO 1
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Table 4 Internal Registers Used (2)

Register Setting
| Bit | Bit Name |Value | Description
PEIORL H'0001 | Port E IO register L
| 0 | PEOIOR 1 When PEOIOR = b'1, the PEO (TIOCOA) pin is set to output.
. Interrupt priority register D
IPRD H'AD00 Interrupt level of TGIA_0 in MTU2 is set to 10.
. Interrupt priority register K
IPRK H'AD0O Interrupt level of ADI_O in A/D set to 10.
ADCR_O H'12 A/D control register 0
A/D start
! ADST 0 Standby state when cleared to 0
A/D continuous scan
6 ADCS 0 When ADCS = b'0, single-cycle scan is selected.
5 ACE 0 Auto-clear enable o
When ACE = b'0, ADDR auto-clear by ADDR read is disabled.
4 ADIE 1 A/D interrupt enlable _ _ .
When ADIE = b'1, A/D conversion end interrupt is enabled.
3,2 — 0 Reserved bits
Trigger enable
1 TRGE 1 When TRGE = b'1, A/D conversion start at A/D conversion start
trigger from MTU2/MTU2S is enabled.
Trigger select
0 EXTRG 0 When EXTRG = b'0, A/D converter is activated at A/D conversion
start trigger from MTU2/MTU2S.
ADSR 0 H'01 A/D status register_0
7t0l1 | — 0 Reserved bits
0 ADF 0 A/D end flag
A/D start trigger select register 0
ADSTRGR_O H'08 The A/D module 0 A/D conversion start trigger is set to MTU2 chO
compare-match (TRGON).
TCR_ O H'21 Timer control register
7 CCLR2 0 Counter clear 2to 0
6 CCLR1 0 When CCLR[2-0] = b'001, the TCNT_0O counter clear source is set to
5 CCLRO 1 AGRA_0 compare-match.
Clock edge 1 and 0
4 CKEG1 0 When CKgEG[l,O] = b'00, counting is at the rising edge of the internal
3 CKEGO 0 X
clock signal.
2 TPSC2 0 Timer prescaler
1 TPSC1 0 When TPSC[2-0] = b'001, TCNT_O counts at MP¢/4.
0 TPSCO 1
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Table 5 Internal Registers Used (3)

Register Setting
| Bit | Bit Name |Value | Description
TMDR_0O H'02 Timer mode register_0
7 — 0 Reserved bit
6 BFE 0 Buffer operation E
When BFE = b'0, TGRE_0 and TGRF_0 operate normally.
5 BFB 0 Buffer operation B
When BFB = b'0, TGRB_0 and TGRD_0 operate normally.
4 BEA 0 Buffer operation A
When BFA = b'0, TGRA_0 and TGRC_0 operate normally.
3 MD3 0 Mode 3t0 0
2 MD2 0 When MD[3-0] = b'0010, the operation mode is PWM mode 1.
1 MD1 1
0 MDO 0
TIORH_O H'21 Timer I/O control register
7 10B3 0 I/O control B3 to BO
6 I0B2 0 When IOB[3-0] = b'0010, the TIOCOA pin is set to initial output 0,
5 I0B1 1 output 1 at TGRB_0 compare-match.
4 I0BO 0
3 IOA3 0 I/O control A3 to AO
2 I0A2 0 When IOA[3-0] = b'0001, the TIOCOA pin is set to initial output 0,
1 I0AL 0 output 0 at TGRA_0 compare-match.
0 IOAQ 1
TIER_O H'01 Timer interrupt enable register_0
A/D conversion start request enable
7 TTGE 0 When TTGE = b'0, A/D conversion start at TGRA_0 compare-match
is disabled.
6 — 0 Reserved bit
5 — 0 Reserved bit
Overflow interrupt enable
4 TCIEV 0 When TCIEV = b'0, interrupt request by TCFV is disabled.
TGR interrupt enable D
3 TGIED 0 When TGIED = b'0, interrupt request by TGFD bit is disabled.
TGR interrupt enable C
2 TGIEC 0 When TGIEC = b'0, interrupt request by TGFC bit is disabled.
1 TGIEB 0 TGR interrupt enr':lblg B o
When TGIEB = b'0, interrupt request by TGFB bit is disabled.
TGR interrupt enable A
0 TGIEA 1 When TGIEA = b'l, interrupt request by TGFA bit is enabled.
TIER2_0 H'80 Timer interrupt enable register 2_0
A/D conversion start request enable 2
7 TTGE2 1 When TTGE = b'0, A/D conversion start request at TGRE_0
compare-match is enabled.
6to2 | — 0 Reserved bits
1 TGIEF 0 TGR interrupt en?\blg F o
When TGIEF = b'0, interrupt request by TGFF bit is disabled.
TGR interrupt enable E
0 TGIEE 0 When TGIEE = b'0, interrupt request by TGFE bit is disabled.
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Table 6 Internal Registers Used (4)

Register

| Bit

| Bit Name

Setting
Value

Description

TGRA_0

Pul_cyc

Timer general register A_0

Clears the counter and outputs 0 from the TIOCOA pin at compare-
match of TCNT_0 and TGRA_O0. Sets the PWM waveform cycle.

TGRB_0

Duty

Timer general register B_0

Outputs 1 from the TIOCOA pin at compare-match of TCNT_0 and

TGRB_0. Sets the PWM waveform duty.

TGRE_O

Ad_start

Timer general register E_0

Activates the A/D converter at compare-match of TCNT_0O and

TGRE_O. Sets the A/D converter activation timing.

TCNT_O

H'0000

Timer counter O
Channel 0 timer counter

TSTR

H'01

Timer start register

7

CTS4

0

Counter start 4

When CTS4 = b'0, TCNT_4 count operation stops.

CTS3

Counter start 3

When CTS3 = b'0, TCNT_3 count operation stops.

Reserved bit

Reserved bit

Reserved bit

N (WOl (o2}

CTS2

o |O|l0o|Oo| O

Counter start 2

When CTS2 = b'0, TCNT_2 count operation stops.

CTS1

Counter start 1

When CTS1 = b'0, TCNT_1 count operation stops.

CTSO

Counter start O

When CTSO0 = b'1, TCNT_0 count operation starts.

4.3 Variables
Table 7 lists the variables used in the sample task.

Table 7 Variables

Label Description Module

Pul_cyc PWM waveform cycle (set in TGRA_0) Main routine

Duty PWM waveform duty (set in TGRB_0) TGRA_0 compare-match
Ad_start AID conversion start timing (set in TGRE_0) interrupt routine
Ad_data[0-2] Stores A/D conversion result A/D conversion end interrupt
Ad_count A/D conversion count routine
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5. Flowcharts

51 Main Routine

w0

A 4 [FRQCR settings]
Set operating frequency | e CPU: 200 MHz, bus: 50 MHz, peripheral: 50 MHz,
¢ MTU2S: 100 MHz, AD: 50 MHz
Release module to be used from standby
Stop timer count operation
¢ ] ] [TCR_O settings]
TCNT_O operation settings | - + Counter clear source selection
* » Counter clock selection (P¢/4)
Set channel 0 operating mode
MTU ¢ [TIORH_O settings]
settings < Set pin output levels TIOCOA pin output level set to initial value of O,
"""" 0 at compare-match with TGRA_O,
1 at compare-match with TGRB_0
Y
' [TIER_O and TIER2_O settings]
Set channel O interrupts | e * TGIA interrupt enabled
¢ » A/D conversion start request at TGRE_O
compare-match enabled
Set pulse cycle, duty,
and A/D conversion start timing
* [ADCR_0 and ADSR_0 settings]
A/D converter interrupt enabled
Set A/D converter operation details | - A/D conversion start request at trigger enabled
A/D A/D conversion time set to 2 pus (P¢ = 50 MHz)
settings Operation mode set to single mode
y
Set A/D converter activation trigger | -~ [ADSTRGR_O settings]
99 Activation at MTU2 chO compare-match
Set PFC
y
Setinterruptlevel | e [PECRL1 and PEIORL settings]
TIOCOA pin function set to output
y
Start channel 0 timer count operation
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TGRA_0 Compare-Match Interrupt Routine

< int_tgia() >
v

Clear TGIA_Q interrupt flag to O

v

Update duty and A/D conversion start
request timing

.
O R )

A/D Conversion End Interrupt Routine

( Init_ad0() )

A 4

Clear A/D conversion end interrupt flag to O

A 4

Store A/D conversion result in on-chip RAM

v

Update A/D conversion count software counter

Check A/D conversion count
3rd?

Stop timer count operation

>

y

( Return )
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6. Documents for Reference

e Software Manual
SH-2A/SH2A-FPU Software Manual [REJO9B0051]
(The latest version can be downloaded from the Renesas Electronics Web site.)

e Hardware Manual
SH7216 Group Hardware Manual [REJO9B0543]
(The latest version can be downloaded from the Renesas Electronics Web site.)
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the
description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LSI is not guaranteed if they are accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

. Differences between Products

Before changing from one product to another, i.e. to one with a different type number, confirm that the

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.
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