ENESAS APPLICATION NOTE
R8C/38T-A group ROLAN1538EJ0100

Rev.1.00
MW broadcasting noise immunity improvement by SCU adjustment May 21, 2013

Summary

The Touch panel microcomputer R8C/33T group contains a hardware peripheral (SCU: sensor control unit) that
monitors the "touch” of the human body by measuring the stray capacitance generated between the touch electrode and
the human.

In this application note, we show the example of improving immunity of the noise (especially Middle Wave
broadcasting) conducted from the human body to the electrode when touching.

Target device
R8C/33T, R8C/3JT, R8C/3NT, R8C/36T-A and R8C/38T-A group
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

1. Frequency response

1.1 Outline

In capacitance Touch sensing, it is measured the count value by the threshold voltage of CHxA terminal. And the count
value is sensitive to the noise from the power supply, human body, etc. In this application note, we show the method of
the Middle Wave broadcasting noise (from the human body) immunity.

As shown “Figure 1-1”, when the human touches the electrode in the strong electric field (ex. near by MW broadcasting
tower), the human receives radio wave like a antenna, and the potential difference is generated between the electrode
and Earth. It is effect to the touch sensing.

The human body becomes
an antenna

)\

SCU

W

MW broadca'sting tower

Noise from the human body at the touching

Wave from of CHxA terminal with noise

XA terminal

Normal wave form of CH

Figure 1-1 Noise incorporation from the human body
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

1.2 The main factor affecting to measurement

There are two factors affecting to the threshold of the touch measurement by R8C/33T.

(1) The noise wave over lied to the measurement waveform.

(2) The interfere wave generated by the measurement cycle and the noise cycle.

1.2.1 Superimposed periodicity noise to measurement waveform

R8C/33T series detects the touch ON/OFF by judgment the threshold at a constant cycle. (It is shown “Figure 1-2")
Therefore, when the noise wave over-lied to the measurement waveform, there is a possibility of failing the judgment.

L VDT TR UTT

Normal Judgement

Vth
H/L
Judgement
Judgment in case of superimposed periodicity noise
Figure 1-2 A case of superimposed periodicity noise
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

1.2.2 “Interfere wave” generated by the measurement cycle and the noise cycle

The electric capacity has been detected by repeating "The electrical discharge "Low" measurement "Hi-z"" in the
measurement terminal. It is a one of the cyclic wave. In general, when different waves at the cycle comes in succession,
the “Interfere wave” is generated, and it disturbs the measurement of the electric capacity.

“Figure 1-3 ” shows “Interfere wave” generated by the measurement cyclic wave and the noise cyclic wave.

e
el B "W X G M DS

Figure 1-3 "Interfere wave” (Simulation model)
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

1.3 Frequency response change by SCU setting
1.3.1 Example of frequency response's changing by SCU register setting

“Figure 1-4” and “Figure 1-5” shows the frequency response change by SCU settings.
The chart of Mean value changing (1) and the chart of fluctuation band of measurement value(2) are defined as follows;

(1) The ratio of the measurement mean value when non-noise is impressed while touched 100 times and the
measurement mean value when the noise is impressed while touched 100 times.

(2) The ratio of the standard deviation the measurement value change when non-noise is impressed while touched 100
times and the standard deviation the measurement mean value change when the noise is impressed while touched
100 times.

Impressed Noise; It is sine wave impressed to the touch panel through the dummy finger on the panel. The frequency is
MW band (531 KHz - 1602 KHz) and sweeps 9 KHz step.

~
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The change ratio of a mean value (CHO)
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Figure 1-4 The chart of Mean value changing

250
The change ratio of a measurement value (CHO)

200

1%0 — NORMAL
— TUNED

|
i
;

change %
°

531 631 731 831 931 1031 1131 1231 1331 1431 1531
KHz

'
a
S

Figure 1-5 The chart of fluctuation band of measurement value

Setting condition
NORMAL setting: The measurement waveform length: 1.8 pSEC, Secondary counter: 7 times.
TUNED setting: The measurement waveform length: 6.2 uSEC, Secondary counter: 3 times,

Majority measurement ON: 15 times.
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

1.3.2 Frequency response data acquisition method and condition (reference)

“Figure 1-6 ” shows a environment for the acquisition of frequency response data, and “Figure 1-7” shows outline of
the environment.

Signal generator

Examination finger for noise
impression

st lmniu ‘
10 *
-~ IF board

R8C/3JT Evaluation board

Figure 1-6 Picture of frequency response data acquisition environment

Shape of waves & touch

measurement confirmation Measuring instrument
(Degital oscillograph)

Workbench (RS232C)

— RS232C SSuU Touch evaluation board
I/F board - ROK521336E001BR
N - ROK521336E003BR
232C -> USB
USB conversion cable

Signal generator
GP-IB (noise source)

/

USB -> GP-IB
conversion cable

531kHz-1602kHz of the AM wave
It changes with step of 9kHz.

Figure 1-7 Outline of frequency response data acquisition environment
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2. SCU registers
2.1 SCU Status Periods

“Figure 2-1” shows SCU Status Periods. Refer “R8C/33T Group Hardware Manual” for detail.

After Period 4 is defined as ‘Pre measurement’ and after Period 5 is defined as ‘Main measurement’.

Hi-Z period Period 3

(Before measuement starts) (1 to 4 Cycles) Hi-Z period (at measurement)
< °

\
\

CHXxA P> >T<\—> T ——>
§ " Pre N Main }
/ i Measurement Measurement i .
o o . ® ® °
Period 1 Period 2 Period 4 Period 5 Period 6 Period 7

(1to 128 Cycles) (1to 16 Cycles) (1to8Cycles) (1to 16 Cycles) (1to 16 Cycles) (1 to 16 Cycles)

Figure 2-1 SCU Status Periods
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

2.2

SCU Control register 0 (SCUCRO)

Address 02C0h

bit b7 b6 b5 b4 b3 b2 bl b0
Symbol SCUIE | BCSHORT | SCCLK1 | CSSLKO | DLTCKE SCINIT SCUE SCSTRT
Initial value 0 0 0 0 0 0 0 0
Figure 2-2 The outline of SCU Control register 0
Table 2-1 The details of SCU Control register 0
Bit | Symbol Bit name Function R/W
b0 | SCSTRT Measurement start bit 0: Measurement stops R/W
1: Measurement starts
bl | SCUE SCU operation enable bit 0 Operat!on disabled R/W
1: Operation enabled
b2 | SCINIT SCU .contr.ol block Writing 1 to th_ls bit initializes the SCU control RW
initialize bit block and registers.
b3 | DLYCKE Delay clock enable bit o Operat!on disabled R/W
1: Operation enabled
b4 | sccLko 825 g
Count source select bit 10: t R/W
bS | SCCLK1 11: Do not set.
0: No shorted (The shorting switch is always
turned OFF.)
CHxB - CHxC short 1: Shortened (The shorting switch is turned ON
b6 | BCSHORT select bit in Status 7 and 14, and turned OFF in status 4, RIW
11, and 18. The switch is turned ON in Status 6
and 15, and turned OFF in Status 11)
: . 0:SCU interrupt disabled
b7 | SCUIE SCU interrupt enable bit 1:SCU interrupt enabled R/W

DLYCKE bit (Delay clock enable bit)
The unit of about 5 nsec makes the delayed thing possible the timing of the Main measurement.
Refer to "4.4 Delay measurement” for details.

RO1AN1538EJ0100 Rev.1.00
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

2.3 SCU Mode register (SCUMR)

Address 02C1h

bit b7 b6 b5 b4 b3 b2 bl b0
Symbol SCCAP1 | SCCAPO CONST MINUM2 MINUM1 | MINUMO | RANDOM PREMSR
Initial value 0 0 0 0 0 0 0 0
Figure 2-3 The outline of SCU Mode register
Table 2-2 The details of SCU Mode register
Bit | Symbol Bit name Function R/W
b0 | PREMSR P_re measurement enable | 0: Pre measurement disabled RIW
bit 1: Pre measurement enabled
bl | RANDOM Random.measurement 0: Random measurement disabled RIW
enable bit 1: Random measurement enabled
000: Majority measurement disabled
b2 MJINUMO 001: 3times R/W
010: 5 times
Majority measurement 011: 7 times
b3 | MINUM1 | sampling times select bit | 100: 9 times RIW
101: 11 times
110: 13 times
b4 | MINUM2 1112: 15 times RIW
b5 | CONST Measurement penpd 0: No constant RIW
constants select bit 1: Constant
00: Software trigger (the SCSRT bit in the
b6 | SCCAPO . R/W
Touch sensor SCUCRO register)
measurement start trigger | 01: Do not set
b7 | SCCAP1 select bit 10: Measurement start trigger from Timer RC R/W
11: External trigger (SCUTRG)

PREMSR bit (Pre measurement enable bit)
Pre Measurement after Status Period 4 is enabled.

If the Pre measurement "H" recognition frequency was added to the Main measurement "H"

recognition frequency, the number of measurement result counts becomes it.
Refer to "4.1 Pre measurement " for details.
RANDOM bit (Random measurement enable bit)
Random measurement is carried out in Main measurement after Status Period 5.
Refer to "4.2 Random measurement” for details.
MJINUMO-2 bit (Majority measurement sampling times select bit)
The Majority measurement is carried out in Main measurement after Status Period 5.
Moreover, it provides for the frequency of Majority measurement sampling.
Refer to "4.3 Majority measurement " for details.
CONST bit (Measurement period constants select bit)

Regardless of random setting/decision by majority frequency when you set random and the decision

by majority sampling
Fixing the measurement section becomes possible.

The measurement section becomes changeable by random value/decision by majority frequency

when not selecting it.

RO1AN1538EJ0100 Rev.1.00
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

3. Frequency response improvement technique

3.1 The Case of the noise wave over-lied to the measurement wave

R8C/33T Group has three methods of noise reduction as follows;

(1) Random measurement
(2) Majority measurement

(3) Delay measurement

These measurements improves the weakness for the outside factor (periodical noise such as a broadcasting waves) by
losing the periodicity of the electric potential judgment.

H\//tLh—H H H H H—WTHJIUIUIUIUAE

Judgemen -
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No-noise judment results

FRENAV VARAV. VAWAV WAWAY WiWaAW WA
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Judgement

Noise impressed judgement results

Judgement

Cyclic noise impressed judgment result (Random measurement)

vaonn ] ///H/// ARy AN AR AN H/// L(/// VAN
Hel H

meaHS‘;feLme"‘ H>L|[H>L||H>L||H>L||H>L]||[H<L H<L H<L||H<L
Judgement H L L
Cyclic noise impressed judgment result (Majority measurement)
Vth
Delay
measurement
HIL H H H L H H L H L L L
Judgement
Cyclic noise impressed judgment result (Delay measurement)
Figure 3-1 Noise reduction images
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

3.2 Case of “Interfere wave” generated by the measurement and the noise cycle

“Figure 3-1” shows the interfere noise reduction by using Secondly counter.

R8C/33T Group is able to reduce the noise by tuning the measurement waveform length and adjusting the SCU register
of Secondly counter. These setting is worked for low frequency (10 KHz or less) noise cancellation, and it means
setting “Lower frequency of Low-frequency noise cancellation”.

) I | HHHHH
" R L -
"H" counter 28
"L" counter 7 End of Measurement
Secondary counter 7 6,54,34,1,0
Count end "H" count the number of =28

| >

"H" count until "Secondly counter < Q0" : 28

Vth I e AT — R
I L "y L "y e "y L
"H" counter 7 8 7 6
"L" counter 4 4 6 7
Secondary counter 7 7->3 4->7 7->3| 4->7 7->1 2->7 7->0
End of Measurement
[ >

"H" count until "Secondly counter < 0" : 28

Figure 3-2 Image of noise reduction by using Secondary counter

Refer to the “4.5 Secondary counter” for details.
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

4. SCU Register setting

4.1 Pre measurement
41.1 The details about Pre measurement

Pre measurement executes a measurement after Status Period 4 (cf. “Figure 2-1") separately from the Main
measurement.

The measurement value (of Primary/Secondary counter) is made from Pre and Main measurement result.

Table 4-1 and Table 4-2 shows values of Primary/Secondary counter using Pre and Main measurement.

Table 4-1 Count operation (Pre measurement is enabled) [measurement step-1]

Judgement of Pre | Judgment of Main | Primary counter
measurement Measurement
H H 41+l = 2
H L (+11+01 = +1
L H 40, 1+1 1 = +1
L L lt0,1+1, = +0
t I A \ A )
I R Al o o
. J

Table 4-2 Count operation ( Pre measurement is enabled) [measurement step-2]

Judgement of Pre | Judgment of Main | Primary counter Secondary counter
measurement Measurement
H H +1 = 2 +1(*1)
H L j+11 401 = 41 -1
L H +01+1 1 = 41 +1(*1)
L L o, 1411 = +0 -1
T I LI ¥ ) LI ¥ )
I I “r M
L e e e e _ - J

*1  The secondary counter setting register value is an upper bound.
Only the MAIN result is reflected in the secondary counter

Regardless of the Main measurement type(Random measurement, Majority measurement, Delay
measurement), Pre measurement can be used.

Note) Pre measurement is not able to use without Main measurement.
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

4.1.2 Register settings for Pre measurement

Address 02C1h

bit b7 b6 b5 b4 b3 b2 bl b0
Symbol - - - - - - - PREMSR
Initial value - - - - - - - 0
Figure 4-1 SCU Mode register (Extracts about Pre measurement settings)
Table 4-3 SCU Mode register (Extracts about Pre measurement settings)
Bit | Symbol Bit name Function R/W
b0 | PREMSR P.re measurement enable | 0: Pre measurement disabled. RIW
bit 1: Pre measurement enabled.
bl | - - - -
b2 | - -
b3 | - - - -
b4 | - -
b5 | - - - -
b6 | - -
b7 | - -

Set “1” to PREMSR bit in case of using Pre measurement.

RO1AN1538EJ0100 Rev.1.00
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

4.2 Random measurement
4.2.1 The details about Random measurement

Random measurement controls to change the measurement timing showing with “Figure 2-1”.

Random measuremnt period

(16 cycles of count source)

L

Settingvalue "0" -=—=-"3" —m—m———————————— "15" -

Figure 4-2 Random measurement period

<Specification>
1. Random measurement uses Random value storage register (SCRVRO - SCRVR7). (4bit x 16 = 64bit = 8byte)

2. Measurement timing is 16 kinds. The value of SCRVRO - SCRVR7 decides the measurement timing and the
measurement order.

The timing of Random measurement is decided according to the value in Random value storage register (SCRVRO -
SCRVRY) after Status Period 5 showing “Figure 2-1".

The range of the timing:  “the setting values in SCRVRO - 77 x “the cycle of count source”
SCRVRO - 7 is referred in order from 0 to 15 at a measurement.

When the channel to measure is changed, SCRVRO - 7 is referred to from (0).

b7 b4 b3 b0
SCRVRO (02D4h) (1) e=—m—— (0) <—
(B) tm— (2)
5) =————+——> (4
(7) ———-  (6)
Q) = (39
J (11) t—— —n.  (10)
4 (13) &=—————> (12)
SCRVR7 (02DBh) (15) < (14)
|

Figure 4-3 The order of reference to Random value storage register
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R8C/38T-A group MW broadcasting noise immunity improvement by SCU adjustment

4.2.2 Register settings for Random measurement

The register related to Random measurement is as follows.

Address 02C1h

bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol - - CONST - - - RANDOM -
Initial value 0 0 0 0 0 0 0 0

Figure 4-4 SCU Mode register (Extracts about Random measurement settings)

Table 4-4 SCU Mode register (Extracts about Random measurement settings)

Bit | Symbol Bit name Function R/W
bOo |- - - -
bl RANDOM Random_measurement 0: Random measurement disabled RIW
enable bit 1: Random measurement enabled
b2 |-
b3 |- - - -
b4 |-
Measurement period 0: No constant
b5 CONST constants seIeEt bit 1: Constant RIW
b6 -
b7 i i -

Set “1” to RANDOM bit in case of using Random measurement.

Set “1” to CONST bit, when the measurement period is made constant regardless of the measurement timing
at the Random measurement. (The setting of CONST bit is valid when Random measurement or Majority
measurement is enabled)

The change of the measurement periods by the difference of CONST bit settings is as follows.

(16 cycles of count source)

L

CONST bit : "1" (Fixed Measurement period)
-> This period is constant regardless of Measurement timing.

Figure 4-5 Fixed Measurement period

(set cycle of SCVRVOQ-7) (set cycle of SCVRVO-7) (set cycle of SCVRVQ-7)

L

3 cycle 9 cycle 7 cycle

i

CONST bit : "0" (Variable Measurement period)
-> The measurement period is variable according to Measurement wave form

Figure 4-6 Variable Measurement period
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42.3 Random value storage register settings

Table 4-5 Random value storage register

Address Symbol [b7 [b6 |[b5 |b4 [b3 [b2 [bl |[b0 [ Value after reset
02D4h SCRVRO | Reference (1) Reference (0) 00h
02D5h SCRVR1 | Reference (3) Reference (2) 00h
02D6h SCRVR2 | Reference (5) Reference (4) 00h
02D7h SCRVR3 | Reference (7) Reference (6) 00h
02D8h SCRVR4 | Reference (9) Reference (8) 00h
02D%h SCRVR5 | Reference (11) Reference (10) 00h
02DAh SCRVR6 | Reference (13) Reference (12) 00h
02DBh SCRVR7 | Reference (15) Reference (14) 00h

Set the measurement timing to reference (0) - (15) in the range of “0x00” - “OxX0F".

It is not necessary to be unique value, if the value is within the above range.

A example of setting of Random value storage register settings and measurement timing related to the setting are as

follows.
Table 4-6 Example of SCRVRO - 7 settings
02D4h | SCRVRO A 3
02D5h | SCRVR1 5 C
02D6h | SCRVR2 1 8
02D7h | SCRVR3 4 9
02D8h | SCRVR4 E 2
02D9%h | SCRVR5 6 B
02DAh | SCRVR6 F 0
02DBh | SCRVR7 7 D
Table 4-7 Measurement timing changing
Reference
1|/2|3|4|5|6|7|8|9|10[11|12|13|14|15| 0|1 |2 |3 | 4
order
Measurement
- A|lc|5|8|1|9|4|2|E|B|6|O0|F|D|7|3|A|C|5]|8
timing
Note:

The settings of Random value storage register(SCRVRO - 7) is held until the setting is changed. Therefore,
Measurement will be carried out repeatedly according to the 16 kinds of measurement timings.

16 kinds of measurement timings may not be effective in the specific noise frequency band.

In that case, consider countermeasures, for example, to decide the value of the Random value storage
register settings using a random number.

RO1AN1538EJ0100 Rev.1.00
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4.3 Majority measurement

4.3.1 The details about Majority measurement

Majority measurement measures the number of times that is set during the measurement period, and judges “H”/"L”
from measurement results using decision by majority.

Refer to “Figure 2-1” about the measurement periods.

Majority

. Majority measurement period
measurement setting

o (15 cycle of count source) o
~ L

15 times —

13 times ]

11 times —_

9 times

7 times —

5 times —_

3 times

Figure 4-7 Majority measurement image

The Majority measurement judges “H”/”L” for the specified number of times in a measurement waveform and judges
‘H’ or “L” using decision by majority. In addition, an interval of Majority measurement is decided according to the
cycle of count source.

Majority measurement period

(15 cycle of count sourge)
G—p

Majority measurement times: 7

L

Vth 1

/\
VY

Result of judgement every

measurements L U I
Result of Majority measurement S

Figure 4-8 Judgement of Majority measurement
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4.3.2 Register settings for Majority measurement

The register related to Majority measurement is as follows.

Address 02C1h

bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | -] - | const | manumz | manumi | MINUMO - | -
Initial value 0 0 0 0 0 0 0 0

Figure 4-9 SCU Mode register (Extracts about Majority measurement settings)

Table 4-8 SCU Mode register (Extracts about Majority measurement settings)

Bit | Symbol Bit name Function R/W

bo | - - - -

b1 |- - - -
000:  Majority measurement disabled

b2 MJINUMO 001: 3 times R/W
010 5 times

b3 | MINUM1 Majority measurement 011:  7times R/W

sampling times select bit | 100: 9 times

101: 11 times

b4 | MINUM2 110:  13times R/W
111: 15 times
Measurement period 0: No constant
b5 CONST constants select bit 1: Constant RIW
b6 | - -
b7 | - _

Set a value from “1” to “7” to MINUMO - MINUM2 bit in case of using Majority measurement. Setting “0” to
MJINUMO - MINUM2 invalidates Majority measurement.

Set “1” to CONST bit, when the measurement period is made constant regardless of the number of Majority
measurements. (The setting of CONST bit is valid when Random measurement or Majority measurement is
enabled.)

RO1AN1538EJ0100 Rev.1.00 Page 18 of 32
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The change of the measurement period by the difference of CONST bit settings is as follows.

Majority measurement period

L

CONST bit : "1" (Fixed Measurement period)
-> This period is constant regardless of Measurement timing.

Figure 4-10 Fixed Majority measurement period

(Majority measurement period)

2
S

CONST bit "0" (Variable measurement period).

This period depends on the Majority measurement setting. In this figure, the number of
Majority measurement is 3 times.

Figure 4-11 Variable Majority measurement period

RO1AN1538EJ0100 Rev.1.00
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4.4 Delay measurement
4.4.1 The details about Delay measurement

The Delay measurement can delay timing of measurement (Main measurement, Random measurement, Majority
measurement) by a unit for 5 nsec uniformly. The quantity of delay is set in SCRVRO - 7.

Measurement timing

Majority measurement (5 times) Majority measurement (5 times)

5
i

N
L

L

L SCRVRO x 5 nsec L SCRVR1 x 5 nsec

Ll L L)

Figure 4-12 Delay measurement
< Specification >

1. Delay measurement uses Random value storage register SCRVRO-7 as a storage for Delay coefficient. (4bit x 16 =
64bit = 8byte). Delay coefficient uses 0-2 bits and 4-6 bits in SCRVRO - 7.

2. The Delay time at the measurements is decided according to SCRVRO - 7.

When Delay measurement is effective, the Delay is decided according to 0-2 bit or 4-6 bit of the Delay coefficient
storage register (SCRVRO - 7) after Status Period 5 showing in “Figure 2-1".

Delay: “setting value in SCRVRO - 7” x “5 nsec”

Delay coefficient storage register is referred in order from (0) to (15) every measurement showing in the following
figure. After reference (15), the reference is started from reference (0). When the channel to measure is changed,
SCRVRO - 7 is referred from (0).

b7 b4 b3 bo
SCRVRO (02D4h) (1) ——— 0) <—
(3) t——— B

(5) = @4
() t=———— (6
9 &=———T1———> 9

J (11) =— —=n  (10)
r (13) =——/———————>  (12)
SCRVR?7 (02DBh) (15) <« (14)

Figure 4-13 Delay coefficient storage register (using together with Random value storage register)
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4.4.2 Register settings for Delay measurement

The register related to Delay measurement is as follows.

Address 02COh

bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol - - - - DLYCKE - - -
Initial value 0 0 0 0 0 0 0 0

Figure 4-14 SCU Control register (Extracts about Delay measurement settings)

Table 4-9 SCU Control register (Extracts about Delay measurement settings)

Bit | Symbol Bit name Function R/W
bo | - - - -

bl |- - - -

b2 |- - - -

0: Delay measurement disabled
1: Delay measurement enabled
ba | - - - -
b5 |- - - -
b6 | - - - -
b7 | - - - -
Set “1” to DLYCKE bit in case of using Delay measurement

b3 | DLYCKE Delay clock enable bit

RO1AN1538EJ0100 Rev.1.00 Page 21 of 32
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4.4.3 Delay coefficient storage register settings
Table 4-10 Delay coefficient storage register (used with Random value storage register)
Address Symbol [b7 [b6 |[b5 |[b4 [b3 [b2 [bl [b0 [ Value after reset
02D4h SCRVRO | - Reference (1) - Reference (0) 00h
02D5h SCRVR1 | - Reference (3) - Reference (2) 00h
02D6h SCRVR2 | - Reference (5) - Reference (4) 00h
02D7h SCRVR3 | - Reference (7) - Reference (6) 00h
02D8h SCRVR4 | - Reference (9) - Reference (8) 00h
02D%h SCRVR5 | - Reference (11) - Reference (10) 00h
02DAh SCRVR6 | - Reference (13) - Reference (12) 00h
02DBh SCRVR7 | - Reference (15) - Reference (14) 00h

Set the Delay value to reference (0) - (15) in range of “0x00” -

ignored.

“0x07". In addition, bit 3 and bit 7 are always

It is necessary to be unique value, if the value is within the above range.

An example of the setting of the Delay coefficient storage register and the quantity of delay are as follows.

Table 4-11 Example of SCRVRO-7 for Delay coefficient (using with Random value)

Address Symbol Register setting value | Random value Delay value
4 - 7 bits 0 - 3 bits Valid value | Valid value | Valid value | Valid value
02D4h SCRVRO | A 3 A 3 2 3
02D5h SCRVR1 |5 C 5 C 5 4
02D6h SCRVR2 |1 8 1 8 1 0
02D7h SCRVR3 | 4 9 4 9 4 1
02D8h SCRVR4 | E 2 E 2 6 2
02D9%h SCRVR5 | 6 B 6 B 6 3
02DAh SCRVR6 | F 0 F 0 7 0
02DBh SCRVR7 |7 D 7 D 7 5
Table 4-12 Measurement timing change by setting

Reference

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

Delay

coefficient 2|4|5|0|1|1|4|2|6|9|6|0]|7|5|7|3|2|4 0

Note:

Delay coefficient storage register is used together with Random value storage register. Therefore lower 3 bit
of Random value becomes the Delay when random measurement and Delay measurement are used at the

same time.

Set SCU clock in 10 MHz or less, in case of using Delay measurement.
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4.5 Secondary counter
45.1 The details for Secondary counter

This chapter explains Low-frequency noise cancellation by the use of Secondary counter.

Refer to [R8C/33T Hardware manual] about the measurement using Primary counter and Secondary counter. The
examples that "Interfere wave" has an influence on the measurement are shown in “Figure 4-15” and “Figure 4-16".

R8C/33T carries out measurement by a judgment of the threshold in the measurement timing. The end of measurement
is judged by the subtraction of Secondary counter.

In the normal judgment of threshold, after “L” detection, R8C/33T measures a number of times set in Secondary
counter and finishes a measurement. However, under the influences of “Interfere wave”, R8C/33T carries out a addition
of Secondary counter when "H" is detected in a judgment of the threshold before the subtraction of the Secondary
counter becomes “0”. The early end of the measurement by the judgment of periodic "L" due to a fall of the electric
potential by the “Interfere wave” is prevented in this way, and the influence of the periodicity noise is reduced.

Secondary counter operation starts.
Normal Measurement waveform -
Measurement operation ends.

_ - M (count value : 27)
vth = HiR e — % N o 1 / _
T _ i L - a [ o

s ]

Measurement ;
working 1 10 15 20 25 30 35 40 45 > !’\50 55 60
S:;;r:]ciir?;y operation Secondary counter working period Measurement complete

Figure 4-15 Example: Secondary counter setting = 7 times

Secondary counter is disable

Measurement 123456 | 7|8 o]0 ][12]13]14]15]16]17]18

Primary counter 7 Measurement value 7

Threshold judging H H H H H H H L “L" The measurement is ended by detection.
Secondary counter is enable (Secondary counter setting: 7 times)

Measurement 1|12 |3| 4|5 |6 |7 |8 |9 |10]|11|12|13 |14 |15 | 16 | 17 | 18

Primary counter 1 2 3 4 5 6 7

Secondary counter 7 7 7 7 H 7 7

19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
15 (15 |15 |15 |15 |16 |17 |18 |19 |20 |21 |22 |22 |22 |22 |22 |22 |22

37 | 38 [ 30 |40 |41 |42 | 43| 44| 45 | 46 | 47 | 48 [ 49 | 50 | 51 [ 52 | 53 | 54
23 24 25 26 27 27 27 27 27 27 27 Measurement value 27
2 3 4 5 6 5 4 3 2 1 0 Secondary CNT = 0->measurement end
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Vth = [\

p

A

—'-J‘.

Normal Measurement waveform

el

Secondary counter operation starts

Measurement operation ends
(count value : 27)

e

AT

>,

T

-

Measurement

w

A4

working 1

5

10

15

20

25 30

35

o
o«

Secondary operation

beginning

Secondary counter working period

\5 0

b5 60

Measurement complete

Figure 4-16 Example: Secondary counter setting = 2 times

Secondary counter is disable

5 |6 |78 |9of10|1]12]13]14]15]16]17] 18

Measurement 1 2 3 4
Primary counter 2 3 Measurement value 3
Threshold judging H H “L” The measurement is ended by detection.

Secondary counter is enable (Secondary counter: 7 times)

Measurement 1 2 3 4 5 6 7 8 9 |10 | 11| 12 | 13 | 14 | 15 | 16 | 17 | 18
Primary counter 3 4 10 | 11 |11 |12 |13 |14 | 14
Secondary counter 7 7 7 6 7 7 7 6
19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
14 | 15 |16 |17 |17 |17 |18 |19 |20 |20 |20 |22 |23 |24 |24 |24 |25 | 26
5 6 7 7 6 5 6 7 7 6 5 6 7 7 6 5 6 7
37 | 38 [ 30 | 40 | 41 |42 | 43 | 44 | 45 | 46 | 47 | 48 [ 49 | 50 | 51 [ 52 | 53 | 54
26 |26 |26 |27 |28 |28 |28 | 28 |28 | 28 | 28 | Measurement value 27
6 5 4 5 6 5 4 3 2 1 0 Secondary CNT = 0->measurement end
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45.2 Secondary counter setting and Lower frequency of Low-frequency noise
cancellation

Low-frequency noise cancellation with Secondary counter makes use of a periodicity of "Interfere wave".

This chapter takes the measurement in the neighborhood of the threshold for an example and explains relations between
Secondary counter setting and Lower frequency of Low-frequency noise cancellation.

The principle of Low-frequency noise cancellation with Secondary counter is as follows.

No noise

!

- ---.’------

>

MR I

Threshold judgment

"H" Judgment "L" Judgment

After first 'L’ detection:
"L" detection -> Secondary counter decrement
"H" Detection -> Secondary counter increment (Note: the default is an upper bound)

<

Half of the time before a counter value becoming 0 from Secondary counter operation starts is
the measurement end timing when there is no noise.
(The symmetry of the periodicity noise is used. )

SCU operation is as follows.

"L" detection -> Secondary counter decrement -> Primary counter is no change.
"H" Detection -> Secondary counter increment -> Primary counter increment

Figure 4-17 Noise cancellation using Secondary counter
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The explanation about Lower frequency of Low-frequency noise cancellation is as follows.

As previously described, the Low-frequency noise cancellation with Secondary counter makes use of the
symmetricalness of noise cycle. The timing of measurement end depends on the setting of Secondary counter. The

relation between Secondary counter and the noise cycle is as follows.

To operate the noise cancellation with Secondary counter effectively, a product of “Counter operating time” by
“Secondary counter initial value” is necessary more than half of the noise cycle.

< Tnoise
al

[
»

vih | N

_Tmes . Tsc

| . N

L al >
Tnoise : "Interfere wave" cycle
Tmes : Time of a measurement waveform (Status Period 2 - 6)
Tsc : Initialized value of Secondary counter

Figure 4-18 Relations between Secondary counter and Noise cycle

The differences of the measurement value by the setting of Secondary counter are as follows.

Normal Measurement waveform Secondary counter operation starts

T Measurement operation ends
Vth ] s (count value : 27)

% ) T /

M {4 ] L ] -
m e okl . " I
N —— . TP
- =T = -l . LT ~ |

H H-F B

Measurement

working 1 5 10 15 20 25 30 35 40
e

Secondary operation
beginning

Secondary counter working peried Measurement complete

Figure 4-19 Measurement end timing: Secondary counter setting = 7 times

Secondary counter setting: 7 times (SCSCSR = 07h)
5|6 | 7| 8|9 |10|11|12|13 |14 | 15| 16 | 17 | 18
10 |10 |10 |10 |10 | 11 |12 |13 | 14

Measurement 1 2 3 4

Primary counter

Secondary counter 7

192021 |22 2324|2526 [ 27| 28| 203031 ]32]33][34]35]36
Measurement

15 |16 |17 |18 |19 |20 |21 |21 (21 |21 |21 |21 |21 |21
value :21

7 7 7 7 7 7 7 6 5 4 3 2 1 0 Measurement end

37 | 38 [ 30 | 40 | 41 |42 | 43 | 44 | 45 | 46 | 47 | 48 [ 49 | 50 | 51 [ 52 | 53 | 54
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\th

Normal Measurement waveform

Secondary counter operation starts

Measurement operation ends
(count value : 27)

Measurement

working

1 5

Secondlary operation
beginning

10

15

20

25 30 35

Secondary counter working period

»
-l

Measurement complete

Figure 4-20 Measurement end timing: Secondary counter setting = 15 times

Secondary counter setting: 15 times (SCSCSR = 0Fh)

Measurement 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 17 18
Primary counter 1 2 3 4 5 6 7 8 9 10 | 10 | 10 |10 |10 | 11 | 12 | 13 14
Secondary counter 15 | 15 |15 |15 |15 |15 |15 |15 (15 |15 |14 |13 |12 |11 |12 |13 | 14 15
19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 35 36
15 | 16 |17 |18 |19 |20 |21 |21 |21 |21 |21 |21 |21 |21 |21 |22 |23 24
15 |15 |15 |15 |15 |15 |15 |14 |13 |12 |11 |10 |9 8 7 8 9 10
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 53 54
Measurement
25 (26 |27 |27 |27 |27 |27 |27 |27 |27 |27 |27 |27 |27 |27 | 27
value 27
Measurement
11 | 12 |13 |12 |11 |10 |9 8 7 6 5 4 3 2 1 0 end

When Secondary counter is 15(cf. Figure 4-20), the measurement value is about the same with a measurement value

when there is no "Interfere wave". However, noise cancellation is not function enough because Secondary counter

setting is short for a “Interfere wave” when Secondary counter is 7 (cf. Figure 4-19).

This expresses the time that is set in "Tmes * Tsc" is "Tnoise™ in “Figure 4-18”.

In this way, the setting of “Tmes” and “Tsc” becomes the lower limit of Low-frequency noise cancellation.
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45.3 "Interfere wave" caused of the measurement cycle and the noise cycle

Hereinafter, “Interfere wave” and “Interfere wave frequency” is called “Alias” and “Alias frequency”.

“Alias” and the “Alias frequency” caused by a measurement and a noise can be calculated by “Formula 4-1".

Fe = | Fn - (Fmxn) |
Fe . Alias frequency
Fn . Noise frequency
Fm . Measurement frequency
n : Degree (Harmonics)

Formula 4-1 Alias frequency calculation

In addition, R8C/33T group can set Lower frequency of Low-frequency noise cancellation by adjustment of the
measurement waveform length and adjustment of Secondary counter setting register (SCSCSR) shown in “4.5.2
Secondary counter setting and Lower frequency of Low-frequency noise cancellation”.

The formula to calculate "Lower frequency of Low-frequency noise cancellation” is as follows.

Fcut = Fm x Sc x 1/2
Fcut : Lower frequency of Low-frequency noise cancellation
Fm :  Measurement cycle (1 / “Setting time of Status periods 2 - 6”)
Sc . Secondary counter setting
Note) Fm x Sc . Lower half cycle of Cancellation

Formula 4-2 Low frequency calculation

Using “Alias frequency” and “Lower frequency of Low-frequency noise cancellation”, approximate frequency response
is calculated.

As a guidelines for the effects of Low-frequency noise cancellation on any noise band, FN ratio (Alias / Cancellation
ratio) becomes data to make a decision.

FN ratio = Fe / Fcut

FNratio : Alias / Cancellation ratio

Fe . Alias frequency

Fcut : Lower frequency of Low-frequency noise cancellation
Formula 4-3 Alias/Cancellation ratio calculation
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454

Example of frequency response calculating by “Alias”

Examples of the calculation and the measures of rough frequency response using the formulas about "Alias" are as

follows.

o))

waveform length and Secondary counter setting

()

Calculation of Fm(Measurement frequency) and Fcut(Cancellation lower frequency) according to the measurement

Measurement Measurement Secondary Lower frequency
waveform length frequency counter setting
MSEC Fm(KHz) Times Fcut(KHz)
1.8 555.556 7 39.683

With Fn(Noise frequency), Fm(Measurement frequency), n(Degree), Fcut(Lower frequency), relation between

“Alias frequency” for the noise frequency and the “Alias/Cancellation ratio” is summarized in the following table.

Table 4-13 Low frequency noise response (1)

Fn(KHz) = 549 558 576 = = 1098 1107 1116 =
Fe - 6.56 2.44 11.44 - - 542.44 551.44 560.44 -

! FN ratio - 0.17 0.06 0.29 - - 13.67 13.90 14.12 -

Fe - 562.11 553.11 544.11 - - -

2 FN ratio - 14.17 13.94 13.71 - - -

Fe - 1117.67 1108.67 1099.67 - - 568.67 559.67 550.67 -

3 FN ratio - 28.17 27.94 27.71 - - 14.33 14.10 13.88 -

Fe - 1673.22 1664.22 1655.22 - - 1124.22 1115.22 1106.22 -

" 4 FN ratio - 42.17 41.94 41.71 - - 28.33 28.10 27.88 -
Fe - 2228.78 2219.78 2210.78 - - 1679.78 1670.78 1661.78 -

> FN ratio - 56.17 55.94 55.71 - - 42.33 42.10 41.88 -

Fe - 2784.33 2775.33 2766.33 - - 2235.33 2226.33 2217.33 -

° FN ratio - 70.17 69.94 69.71 - - 56.33 56.10 55.88 -

Fe - 3339.89 3330.89 3321.89 - - 2790.89 2781.89 2772.89 -

! FN ratio - 84.17 83.94 83.71 - - 70.33 70.10 69.88 -

Fn around 558 KHz or 1107 KHz satisfies "Alias/Cancellation ratio < 1".

This suggests the possibility that a measurement value becomes unstable from influence of the alias by the noise
mixture around 558 KHz or 1107 KHz in case of the measurement waveform length and Secondary counter setting

mentioned

above.

The response of the R8C/3JT evaluation board by the setting of the (1) are as follows.

558KHz

The change ratio of a meal

n value (CHO)

1107KHz

NORMAL setting
Measurement wave form
length 1.9uSEC

Seven times of secondary

—— NORMAL
—— TUNED

60

Chan
ﬁ

L\«J\MAW

531 631 731

831

1031 131

1231 1331

1431 1531

KHz

-50

Figure 4-21 Frequency response (1)
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(3) The calculation of frequency response when the measurement waveform length and Secondary counter is changed.

Measurement Measurement Secondary Lower frequency
waveform length frequency counter setting
MSEC Fm(KHz) Times Fcut(KHz)
6.2 161.29 31 2.601

(4) With Fn(Noise frequency), Fm(Measurement frequency), n(Degree), Fcut(Lower frequency), relation between
“Alias frequency” for the noise frequency and the “Alias/Cancellation ratio” is summarized in the following table.

Table 4-14 Low frequency noise response (2)

Fn(KHz) - 549 558 576 - - 1098 1107 1116 -
Fe - 387.71 396.71 405.71 - - 936.71 945.71 954.71 -

! FNratio - 149.04 152.50 155.95 - - 360.07 363.53 366.99 -

Fe - 226.42 235.42 244.42 - - 775.42 784.42 793.42 -

2 FNratio - 87.04 90.50 93.95 - - 298.07 301.53 304.99 -

Fe - 65.13 74.13 83.13 - - 614.13 623.13 632.13 -

3 FNratio - 25.04 28.50 31.95 - - 236.07 239.53 242.99 -

Fe - 96.16 87.16 78.16 - - 452.84 461.84 470.84 -

" 4 FNratio - 36.96 33.50 30.05 - - 174.07 177.53 180.99 -
Fe - 257.45 248.45 239.45 - - 291.55 300.55 309.55 -

> FNratio - 98.96 95.50 92.05 - - 112.07 115.53 118.99 -

Fe - 418.74 409.74 400.74 - - 130.26 139.26 148.26 -

° FNratio - 160.96 157.50 154.05 - - 50.07 53.53 56.99 -

Fe - 580.03 571.03 562.03 - - 31.038 22.03 13.03 -

! FNratio - 222.96 219.50 216.05 - - 11.93 8.47 5.01 -

This tables expresses that Low frequency noise response around 588 KHz or 1107 KHz where Fn satisfies
“Alias/Cancellation ratio < 1" at the setting before the change is improved.

The response of the R8C/3JT evaluation board by the setting of the (3) are as follows.

The change ratio of a mean value (CHO)

250
558KHz
207\

TUNED setting
Measurement wave form
length 6.2USEC

31 times of secondary

—— NORMAL
—— TUNED

S
[

1107KHz

1031

Change %

1131 1231 1331 1431 1531

Figure 4-22 Frequency response (2)
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5. Combination of measurement methods

Combination of measurement methods is as follows.

Table 5-1 Combination of measurement method

Multiple measurement

Pre Delay Random Majority Remarks

measurement | measurement | measurement | measurement
Pre
measurement © © ©
Delay o o o Register sharing with
measurement Random measurement
Random Register sharing with
measurement © © O (Note-1) Delay measurement
Maiorit Be careful about the

jonty O O O (Note-1) measurement wave
measurement
length

Note-1

When Random measurement is used with Majority Measurement at the same time, Majority measurement is
started after the end of Random measurement. Therefore be careful about the measurement wave length

increasing.

(16 cycle of count source)

Majority measurement working section

A

L

RN

L

-

~~

measurement

Random measurement working section

N

/\Start position of Majority

Figure 5-1 Multiple measurement - Random & Majority
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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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